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Summary
Renewable chemicals are a new category of novel products: building blocks and
ingredients for the production of chemicals produced from renewable feedstock and
sustainable advanced manufacturing processes, leaving a smaller environmental
footprint than traditional petrochemicals. Biologically based products are mainly nonfood products derived from biomass.
Renewable chemicals represent a market opportunity predicted to grow from US$2.8
billion in 2011 to US$98.5 billion by 2020, driven by consumers demanding safer and
more environmentally friendly products and the creation of a market advantage by
using novel products in the manufacturing process. Renewable chemicals are a
sustainable diversification option for rangeland irrigation precincts, where cold chain
management, distance to markets and market competitiveness are negatively
influencing traditional horticultural production. As most of the plant species suitable
for renewable chemical production are perennials, production may also sequester
carbon and reduce greenhouse gas emissions by replacing petrochemicals.
This scoping study has identified several plant species that have potential for growing
under rangeland irrigation in Western Australia. Moringa oleifera was one of the
species with the highest potential because of its multiple uses, with applications in
the food, health, animal feed and chemical industry. The Department of Agriculture
and Food, Western Australia (DAFWA) initiated an investigation into the commercial
use of M oleifera leaf protein as a substitute for animal protein in food — a rapidly
growing market, forecast to reach US$43 billion in 2020 — and the impact of plant
growth stimulants extracted from M. oleifera on wheat yield.
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1 Introduction
The Natural Resource Management Carbon Farming Project has examined viable
options for sequestering carbon and potential production of new bioproducts suitable
for regional and remote areas. Notable carbon farming options are non-traditional,
renewable, plant-based feedstock for the chemical market (renewable chemicals)
and new bioproducts (other than biomass) from plants.
Renewable chemicals represent a market opportunity expected to grow significantly
from US$2.8 billion in 2011 to an estimated US$98.5 billion by 2020 (Sims 2012). A
survey of 700 chemical companies in the United States found that many are looking
to produce and source more of their chemicals from plant-based feedstock and all
have plans to increase their use of plant-based materials by 2020 (Hawkins 2015).
These factors present a diversification opportunity for rangeland irrigation
developments where economies of scale, distance to markets, competitive
advantage and cold chain management can be a major constraint to traditional
horticultural production. These irrigation developments could have the potential to
provide a wide range of new renewable chemicals and bioproducts that would be
economically viable and contribute to environmental health, while creating new jobs,
agribusinesses and communities that are more resilient. Renewable chemical
industries could also generate carbon credits through sequestration and avoidance of
greenhouse gas emissions by replacing petrochemicals and their production
processes.
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2 Background
Renewable chemicals are a new category of novel products: building blocks and
ingredients for the production of chemicals, produced from renewable feedstock and
sustainable advanced manufacturing processes, leaving a smaller environmental
footprint than traditional petrochemicals and biobased chemicals. These products
include biochemical intermediates and vegetable oils for sectors with higher value
applications such as detergents, and biolubricants and chemicals for the oil industry.
Example products include bioplastics, biologically based solvents, surfactants and
lubricants where biodegradability and the avoidance of harmful emissions are
primary considerations.
Biobased products or bioproducts are defined as non-food products derived from
biomass (plants, trees, crops, biological waste, marine organisms, algae and
bacteria; see omafra.gov.on.ca/english/crops/facts/10-013w.htm).
Chemical companies of all sizes and at every stage in the production chain are
looking to produce and source more of their chemicals from plant-based feedstock
(Evans 2013). Developing new crops or plant products for bioproducts and
renewable chemicals offers a wide range of potential benefits:
• reduced dependence on imported oil and polymers
• reduced greenhouse gas emissions
• sequestration of carbon dioxide
• access to complex structures produced by natural synthesis
• useful new consumer products
• new industries
• higher consumer acceptance of biobased products
• increased productive use of land resources, especially in marginal farming areas
and rangeland irrigation development areas.
These benefits, of course, assume price competitiveness and a chemical and
physical profile that is at least comparable with synthetic chemicals. Price
competitiveness depends on the price of raw material delivered, and the cost and
availability of technology for processing (CHEManager International 2012).
Examples of renewable chemicals extracted from existing irrigated crops (relevant to
the rangelands) are:
• Sugar cane bagasse: lingo-cellulosic biomass — such as waste from sugar cane
— has been converted into industrial sugars. These sugars are an important
element of biobased chemicals and fuels, including polypropylene and
polyethylene. (Sims 2012).
• Avocados: Conversion of pits discarded from producing guacamole (made for the
Mexican food industry) into a polymer material. The material is 100%
2
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biodegradable and compostable, used as either a resin or an additive. Examples
include biodegradable and compostable thermoplastic resins, and biodegradable
additives, which can be blended with petroleum products for partial
biodegradability (Thryft 2013).
• Tomato waste: waste fibre from tomato processing (during the making of tomato
sauce) has been used to develop another type of bioplastic. This is part of a
project to find more sustainable alternatives to petrochemical-based materials
used in car manufacturing (Thryft 2014).
• Agricultural waste: An ash by-product has been used to make stronger cement.
Pre-treating a high-lignin ash by-product and adding it to cement made the cement
stronger because the ash reacted chemically with the cement. After some
experimentation, it was determined that using the agricultural residue ash to
replace 20% of the cement by mass increased the strength of concrete by 32%
(Thryft 2013).
• Vegetable oils: Fats and oils are finding new potentially high volume industrial
applications as transformer fluid (Metzger & Bornscheuer 2000). The best
alternative already introduced in the US seems to be simple plant oil having a flash
point of 330°C. The epoxidation of triglycerides, such as soy and linseed oil, is a
well-known industrial process using hydrogen peroxide/formic acid. In industry,
vegetable oil epoxides are used as PVC (polyvinyl chloride) stabilisers (Plants for
the future 2015).
• Sugar and starch: The most popular biobased plastic is polylactic acid (PLA),
derived from sugar and starch. PLA has properties similar to those of conventional
mass-produced thermoplastics and can be processed on existing production lines.
Because it is compostable, PLA has considerable potential for disposable
packaging, such as beverage cups and plastic food packaging trays. One
disadvantage of PLA is that its low melting point makes it unsuitable for items
exposed to heat (CHEManager International 2014). Worldwide production
exceeded 110 000 million metric tonnes (MT) in 2010 and is forecast to double by
2015. While the share of biodegradable plastics was only 0.21% of the 300 million
MT of plastics estimated consumed in 2013, growing awareness about
environmental conservation and concerns about depleting fossil fuels is expected
to increase the biodegradable market in the next five years (Sims 2012). Europe
consumed 8.7 million tonnes starch, of which 39% is for non-food uses. The
chemical industry uses starch for producing surfactants, polyurethanes, resins and
biodegradable plastics. In construction, starch is used for concrete mixtures,
plasters and insulation. It is also used in metal and mineral processing, oil drilling,
paper and board industries, cosmetics and health care, and through fermentation
is turned into cyclodextrin, which is used as stabilisers and excipients in the
pharmaceutical, cosmetics, food and agri-industries.
• Papaya and pineapple: Economically important enzymes derived from papaya
(Carica papaya) include papain and chymopapain. The enzymes are used
medicinally and as meat tenderisers. Bromelain — a protein-digesting and milk-
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clotting enzyme from pineapple juice — and malt extract (a product from barley
that contains amylolytic enzymes) are other examples (Burdock 1997).
• Plant-based starches and proteins: Besides the increased demand for natural
confectionery, savoury and sweets, there are also growing concerns over nonhalal gelling agents, such as gelatine, in Muslin cultures. Many manufacturers are
already shifting to plant-based starches and proteins to replace these non-halal
ingredients. The global halal food and beverage market is forecast to grow from
US$1.1 trillion in 2013 to US$1.6 trillion by 2018 (Algatami 2014).
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3 Assessment methodology
A literature review and analysis was undertaken to identify plant species that have
potential to be used for producing renewable chemicals and bioproducts, have the
ability to sequester significant amounts of carbon, and can be grown in the Western
Australian rangelands. Plant species were screened according to a set of parameters
outlined below and an assessment process (Figure 1).
Renewable
chemicals and
bioproducts
scoping study

Figure 1 Assessment process for identifying multiple-use product plant species with
potential for producing renewable chemicals or bioproducts
Phase 1
In consultation with a panel of experts, a set of parameters for plant species to qualify
for further assessment was developed. The panel included the project manager, a
senior veterinarian, an entomologist, University of Western Australia (UWA) chemical
engineering staff and the head of Research & Development at TFS Corporation.
Parameters were:
• The plant species must have multiple uses and multiple products.
• Plant species must be assessed by quarantine services (Australian Quarantine
and Inspection Service [AQIS] and Quarantine WA) as safe to grow without the
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risk of endangering Australia’s unique environment from unwanted pests and
diseases.
• Chemicals produced from freely available bulk biomass or agricultural residues are
excluded. This study is looking at diversification options more specific to the
Rangelands where distance to market is a big factor. Bulk biomass or agricultural
residues would most likely be too expensive to transport to large processing
facilities.
• Plant species already used for producing large-scale commercial renewable
chemicals are excluded.
• Perennial plant species are preferred because of their ability to sequester larger
amounts of carbon.
Avoiding greenhouse gas emissions by replacing a synthetic chemical/product with a
renewable one was another factor considered.
Phase 2
Experts in the different disciplines ranked selected plant species from Phase 1
according to viability for different industries:
• industrial chemicals
• animal health
• herbicides/pesticides
• perfumery/cosmetics.

3.1 Industrial chemicals
One important aim for renewable chemicals produced from higher plants is the use
as commodities for industries to replace currently used chemicals derived from fossil
fuels. Therefore, the renewable chemicals need to be produced continually to ensure
supply to the relevant industry and their chemical characteristics must be comparable
to their synthetic counterparts. Each plant was scored on its characteristics - based
on its growth (10% of total score) - and the profile of its phytochemicals (90% of total
score). UWA did not score each plant separately, due to the diversity of plant
metabolites (fatty acids for instance cannot be compared with gums, terpenes, etc.).
Different chemical groups were thus allocated to three groups who judged against a
set of criteria. At the end, the groups came together, each with their top five and the
top 12 then selected on mutual agreement.
3.1.1 Scoring plant characteristics
We scored plants on their growth rate to first harvest and commercial production.
Fast growing and easy harvesting perennial herb plants will have advantages over
slow growing trees. However, in the case where the renewable chemical identified
has a high value with an established and stable market, the plant growth rate and
volume of harvesting become less important. We scored plants from 0 (low) to 10
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(high) to reflect the importance of the physical characteristics of the plant (Appendix
B).
3.1.2 Scoring phytochemicals
For this study, we did not consider some major plant primary metabolites, such as
proteins (amino acids) and common carbohydrates, because they are produced via
traditional cultivated crops as food. However, if these metabolites can add significant
values to the renewable chemical production, they contributed to the overall score.
First, phytochemicals are scored according to their industry relevance, which can be
used as raw materials for manufacturing polymers; as precursors for
pharmaceuticals; as ingredients for food and cosmetic products; and as
replacements of conventional chemicals in some industrial applications. Second, the
phytochemicals were evaluated for their marketing potential. Phytochemicals with an
established market rated higher because they have the advantage that the initial
investment can be recovered much more easily, and the combined use of biomass
and other chemicals will add more value to the plant. Third, phytochemicals with
clearly identified structures and indications of their function were prioritised. Fourth,
higher scores were given to phytochemicals with a high concentration in the parent
plants because they can be easily extracted and purified.
3.1.3 Other
We applied additional filters to the general scoring system:
• Plants producing phytochemicals that are toxic to human and animals were scored
low because it will be difficult to limit access to the toxic chemicals in the field plus
these chemicals may be harmful to the environment.
• We scored lower terpenes in volatile fraction or essential oil low. The volatiles
profile can be easily determined by gas chromatography, but the contents of these
compounds on a per weight basis are difficult to calculate because the
composition of these compounds varies dramatically in different seasons and
different growth conditions.
• Saponins were given low scores because of the lack of technologies to isolate
them from the plant phytochemical mixtures.
• Phytochemicals, such as natural rubber, gum and fatty acids, were scored high
because commercial markets exist and the processing technologies are readily
available and can be improved.

3.2 Animal health
There are active compounds that can be developed into new generations of modern
veterinary medicines but because the active compounds are well publicised, there is
limited capacity to secure a patent and pharmaceutical companies are unwilling to
invest. Another factor is the variability in the concentration of active principles caused
by production practices, climate, soil type, location and season.
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3.3 Herbicides/pesticides
Plants produce many powerful chemicals to defend themselves against herbivores
(mostly insects) and pathogens. Phytotoxic compounds are another set of natural
chemicals that play a role in chemical warfare between plants (allelopathic
interactions) and include natural herbicides, phytoalexins (microbial inhibitors) and
inhibitors of seed germination. Although many allelochemicals are strictly defence
substances, others are offensive compounds that act directly in weed
aggressiveness, competition and the regulation of plant density. Strongly allelopathic
substances may be used either directly as natural herbicides or as models for
developing new and environmentally friendly herbicides (An et al. 1998).

3.4 Perfumery/cosmetics
Three factors are crucial in assessing the viability of essential oils for use in
perfumery:
• Registration through REACH (European Registration, Evaluation, Authorisation
and restriction of Chemicals) or TGA (Therapeutic Goods Administration) into the
European Union and the US is a prerequisite. Essential oils not registered cannot
be used in perfumery.
• Market size needs to be large enough for the cost of production to be viable.
• Aromatic chemicals and woody notes (a fragrance classification). These have
been in short supply for some time.

4 Plant species
Plant species (Appendix A) were identified through an extensive literature study and
through triangulation of data and information. Plant species are described according
to climatic conditions, uses and chemicals they contain.
The plant species contained in this chapter qualified via Phase 1, with importation or
propagation allowed under AQIS and Quarantine WA provisions.
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5 Assessment by chemical/product
The use of phytochemicals by plant is listed according to specific industry and
multiple uses (tables 1–8).

5.1 Lubricants
Biobased lubricants are generally made from vegetable oil. Plants containing oil
suitable for lubricant use are listed in Table 1. Depending on requirements, they are
used in their native state (natural ester) or chemically modified state (synthetic ester).
The range of applications for biobased lubricants covers the entire spectrum of
conventional lubricants including hydraulic oil, multifunction oil, engine and
transmission oil, lube oil and grease and special oils. A problem in this regard is the
oxidisation of vegetable oils preventing stability, which created the move to high oleic
acid. Because of their long service life, low toxicity and fast biodegradability,
biobased lubricants are particularly attractive for environmentally sensitive
applications.
There is also the production of high value products, such as monomers, from oil used
as polyols in the production of polyurethanes or directly as lubricants and speciality
oils, 2-cycle engine oil and metal working fluids (hydraulic oils).
Table 1 Plants containing chemicals used in lubricants
Species

Common name

Use

Other uses*

Acacia dealbata

Silver wattle

Seed oil

4, 5, 6

Crambe
abyssinica

Crambe

Lubricant, heat
transfer fluids

3, coatings, cosmetics,
polyesters, plastics,
nylons

Limnanthes
douglasii

Meadow foam

Oxidative stable oil
that has superior
properties for
industrial lubricant
applications

6

Lunaria annua

Honest plant

High-temperature
lubricant

6, pharmaceuticals

Moringa oleifera

Drumstick tree

Lubricant for
watches

6, plant growth
enhancer, food,
biofuel, animal
feedstock, cosmetics

Pappea capensis

Jacket plum

Non-drying and fairly
viscous oil

6, pharmaceuticals

* Numbers refer to tables 1–6.
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5.2 Solvents
Solvents are fluids that are able to dissolve, dilute or extract other substances without
changing the chemical composition of the substances or of the solvents themselves.
Plants containing chemicals suitable for use as solvents are listed in Table 2.
Because of sustainability and environmental protection considerations, the spectrum
is expected to shift towards biobased solvents. The list of new biobased solvents
includes fatty acid methyl esters, which are also used in biodiesel, esters of lactic
acid with methanol (methyl lactate) or ethanol (ethyl lactate), as well as natural
substances, such as D-limonene, which is obtained from the rind of citrus fruits.
Another trend is to replace conventional organic solvents with biogenic solvents.
Conversion of biobased succinic acid or furfural (a by-product of the cellulose
industry) to tetrahydrofuran is one example.
Table 2 Plants containing chemicals used in solvents
Species

Common name

Use

Eucalyptus
dives

Broadleaf
peppermint

Phellandrene-rich oils
pharmaceuticals
make excellent paint
removers and solvents
for grease, fats and oils.
It was previously
commercially harvested
in large quantities for
oils

Eucalyptus
phellandra

Narrow-leaf
peppermint

Phellandrene-rich oils
excellent paint
removers and solvents
for grease, fats and oils

separation of
metallic sulfides
from ore

Pinus cembra

Swiss pine

Solvent for waxes

7, 8, food

Pinus pinaster

Maritime pine

Resin is a solvent for
waxes, for making
varnish and medicinal

7, 8, rosin

Saponaria
officinalis

Common
soapwort

Dissolved fats or grease 3, pharmaceuticals
can be procured by
boiling the leaves or
roots in water

* Numbers refer to tables 1–8.
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Solvents are used in manufacturing and several processes, including:
• adhesives, paints, coating, pharmaceuticals, ink, semiconductor manufacturing,
metal cleaning
• fermentation of sugars and lipids to produce polyhydroxyalkanoate — linear
polyesters produced in nature by bacterial fermentation
• D-limonene — a solvent extracted from citrus rind — with carbon dioxide is used
to produce polystyrol foam
• ethyl lactate — a solvent produced by fermentation of lactic acid reacted with
ethanol — is used for food, pharmaceuticals, cosmetics, semiconductors
• propylene, orange oil
• reducing the release of volatile organic compounds
• transesterification of soy oil produces a solvent methyl soyate, surpassing
conventional solvents.

5.3 Surfactants
Biosurfactants (surface-active agents enhancing cleaning efficiency, emulsifying,
wetting, dispersing, solvency, foaming, and improved lubricity of water-based
compositions) are usually produced from vegetable oil and used in:
• emulsifiers in food products
• cosmetic/pharmaceuticals
• bio-remediation for oil spills
• herbicide and pesticide formulations.
Surfactants normally contain hydrophobic and hydrophilic groups. Plants containing
chemicals suited for use as surfactants are listed in Table 3.The biobased
hydrophobic group is usually made from coconut oil or palm kernel oil. A hydrophilic
group is normally made from carbohydrates such as sorbitol, sucrose or glucose. The
use of animal fat has significantly decreased. Because of their good biodegradability
and low to zero toxicity, surfactants are used in specific applications by the paint,
cosmetic, textile, agricultural, food and pharmaceutical industries. The mining and
ore processing industry uses them as emulsifiers to facilitate oil production and for
biological clean-up of contaminated sites.
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Table 3 Plants containing chemicals used in surfactants
Species

Common name

Use

Other uses*

Artocarpus
elasticus

Wild breadfruit
tree

Leaves, fruit and bark
contains saponins,
polyphenols,
flavonoids

glue for trapping birds;
food; seeds – hair oil;
leaves – vermifuge

Ash for soap

antacid, leaves edible

Atriplex halimus Mediterranean
saltbush
Caryocar
glabrum

Soapwood

Saponin – clothes and
as hair wash

5, 6, food

Colubrina
asiatica

Latherleaf

Leaves lathery when
crushed, added to
water; used as soap

pharmaceuticals

Commiphora
schimperi

Glossy-leaved
corkwood

Gum resin a good
surfactant used in
detergent
manufacture. Foaming
characteristics boosts
detergent

4, pharmaceuticals

Crambe
abyssinica

Crambe

Surfactant

1, coatings; cosmetics;
polyesters; plastics
and nylons

Enterolobium
cyclocarpum

Elephant ear
tree

Soap from bark and
seeds

insecticide (termites)

Grewia bicolor

False brandy
bush

Ashes of leaves or
leaves themselves
used as soap

food

Laurus nobilis

Bay laurel

Aleppo soap

6

Lecythis ollaria

Paradise nut

Seed oil – soap

6, selenium, food

Nephelium
lappaceum

Rambutan

Seed – solid fat similar
to cacao butter, used
for soap and candles

6, 8, food,
pharmaceuticals

Sapindus
saponaria

Wingleaf
soapberry

Soap substitute for
washing clothes and
as shampoo

pharmaceuticals

Saponaria
officinalis

Common
soapwort

Very gentle soap

2, pharmaceuticals

Yucca elata

Soap tree

Saponins used as
soap and shampoo

food

* Numbers refer to tables 1–8.
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5.4 Gums
Gums are important components of many products and processes. Table 4 lists
plants species producing gums. They are commonly used:
• in prepared food products, such as thickeners and emulsifiers, to modify physical
properties of the foods and to make them conform to consumer preferences
• to contribute to the desirable physical properties of candies, chewing gum and
confections
• in soft drinks to help maintain flavourings in suspension
• as components of commercial ice-cream where they prevent the formation of
sugar and ice crystals
• in non-food applications, such as cosmetics (face masks, hair cream, face
powder), toothpaste and dentifrices, soap and laundry detergent, tobacco
products, adhesives (paper products, postage stamps), coatings for paper
products, paints (water-based paints, thixotrophic mixtures), inks (for lithography
and writing), ammunition and explosives, polishes, ceramics, oil well fracturing,
water flow in fire hoses, and hot-quenched steel products
• as emulsifiers and suspending agents for pharmaceuticals, as antiseptics, bulk
laxatives, in pills and tablets, as a replacement for gelatine in capsules, for
preparation of time-release capsules, and even as blood substitutes in some
situations
• as microencapsulating particles of water-sensitive, water-insoluble or hazardous
materials. These include many kinds of free-flowing powders such as food mixes
(puddings, cake mixes and drink mixes), flavour additives for foods, detergents,
inks (for printers, ‘inkless forms’ and ball points), insecticides and insect repellents,
herbicides and dyestuffs.
Acacia (wattle) seed extracts have strong emulsifying capacities and the emulsions
formed are stable under typical food processing conditions and have excellent
thermal stability. These results indicate that wattle seed extracts could be a
promising natural emulsifying agent applicable to a variety of food products. An
acacia tree produces about 250g of gum per year (Siegler 2002).

13

Renewable chemicals and bioproducts
Table 4 Plants containing gums
Species

Common
name

Abies balsamea

Use

Other uses*

Balsam fir

Resin in its bark and
needles – Canada balsam;
varnish, adhesive for
mounting slides

insecticide, rodent
repellent

Acacia dealbata

Silver wattle

Gum arabic

1, 5, 6

Acacia
pycnantha

Golden wattle

Gum Australia

5, 6, 8

Edible gum – commercial

Acacia rivalis
Acacia rossei

Yellowdine
wattle

Resin – adhesive

precursors for
synthesis of useful
compounds

Agathis
australis

Kauri tree

Copal gum

timber for boat
building

Anacardium
humile

Monkey nut
tree

Gum – mainly galactose

5, flavonoids,
alkaloids in the
leaves

Astragalus
gummifer

Milk vetch

Gum tragacanth

cosmetics,
aromatherapy, food:
edible coating
improving shelf life

Bauhinia
purpurea

Orchid tree

Edible gum

5, pharm

Bauhinia
variegata

Purple orchid
tree

Gum

5, 6, animal fodder

Bixa orellana

Lipstick tree

Bark – water-soluble gum

8

Boswellia
serrata

Indian
frankincense

Fragrant gums or resins
that are burned as incense

paint, varnish

Butea
monosperma

Flame of the
forest

Butea gum or ‘Bengal kino’

5, 8

Ceratonia
siliqua

Carob

Carob bean gum

pharmaceuticals,
food

Cistus ladanifer

labdanum

Plant covered with sticky
exudate of fragrant resin;
gum cistus

fixative

Combretum
erythrophyllum

Hiccup nut

Gum exuded by the plant
prevents hot glue from

vermifuge, timber
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Species

Common
name

Use

Other uses*

setting while it cools
Commiphora
myrrha

Myrrh

Myrrh gum

pharmaceuticals

Commiphora
schimperi

Glossy-leaved
corkwood

Resin-gum good
surfactant; detergent
manufacture

3, pharmaceuticals

Couma utilis

Milk tree,
souva

All parts of the plant are
rich in white and sweet
latex

food

Ferula
communis

Giant fennel

Gum ammoniac, incense,
edible gum

pharmaceuticals

Ferula tingitana

giant Tangier
fennel

Medical gum resin
ammoniacum from root

pharmaceuticals

Liquidambar
styraciflua

American
sweetgum

Gum from bark, liquid
amber or copalm balsam.
Styrax is used to make
chewing gum

cosmetics,
pharmaceuticals

Liquidambar
formosana

Chinese
sweet gum

Gum resin, excreted from
the wounds of the tree,
chewed like chewing gum

timber

Mammea
americana

Mammee
apple

Gum from bark

5, insecticide

Myoporum
platycarpum

False
sandalwood

Resin substituted for pitch
and sealing wax

timber

Opopanax
chironium

Sweet myrrh

Opopanax: rare costly
resin, incense

pharmaceuticals

Parthenium
argentatum

Guayule

Resin for glue, industrial

7, biofuel,
particleboard

Picea orientalis

Oriental
spruce

Spruce gum

food

Pinus caribaea

Pitch pine

Gum resin

5, 7, timber

Styrax benzoin

Sumatran
benzoin

benzoin resin, obtained by
wounding tree

food,
pharmaceuticals

Xanthorrhoea
australis

Grass tree

Resin for varnish, lacquer,
incense

adhesive

* Numbers refer to tables 1–8.
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5.5 Tannins
Tannins are used primarily for manufacturing leather but also have applications as
dyestuffs, corrosion inhibitors, to promote flow of liquids in pipes, and as
pharmaceutical products. Plants containing tannins in reasonable quantities are listed
in Table 5. Tannins were formerly used to manufacture inks and for producing tanninbased adhesives.
Table 5 Plants containing tannins
Species

Common
name

Acacia dealbata Silver wattle

Effect

Other uses

Bark: 16–36% tannins

1, 4, 6

Acacia mearnsii

Black wattle

Corrosion inhibitors, to promote
flow of liquids in pipes, tanninbased wood adhesives,
flocculation, surface coatings
for wood and thinning agents
for drilling muds

pharmaceuticals

Acacia
pycnantha

Golden
wattle

Bark: 40.8% tannin

4, 8

Anacardium
humile

Monkey nut
tree

Leaves, bark – vermifuge

4, food

Bauhinia
purpurea

Orchid tree

Bark

4,
pharmaceuticals

Bauhinia
variegata

Purple orchid Bark
tree

4, 6

Bark

4, 8

Butea
monosperma
Caryocar
glabrum

Soapwood

Pericarp is rich in tannins: 34%
dry weight basis

3, 6, food

Ceratonia
siliqua

Carob

Pods contain large amounts of
condensed tannins: 16–20%
dry weight; bark – tannins

4, food,
pharmaceuticals

Eucalyptus
astringens

Brown mallet

Bark up to 40% condensed
tannins

pharmaceuticals

Root: 30% tannin

8,
pharmaceuticals

Geranium
wallichianum
Gevuina
avellana

Chilean
hazel

Husks are rich in tannin

6, food

Mammea
americana

Mammee
apple

Tannin from bark

4, insecticide
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Species

Common
name

Effect

Other uses

Pinus caribaea

Pitch pine

Bark: 10% tannin

4, 7, timber

Pistacia
chinensis

Chinese
pistachio

Tannin content is 14.52% in
leaves and 20–30% in gallnut

6, 8, food

* Numbers refer to tables 1–8.

5.6 Oils
Plant oils are widely used in the chemical industry, producing lubricants, emulsifiers,
fragrances and pharmaceuticals, with good markets existing for seed triglycerides.
Table 6 lists plant species containing oils suitable for different uses. Fatty acids
derived from these triglycerides are used commercially to make soaps, as precursors
for plastics, for manufacturing lubricants, waterproofing substances and a variety of
other products. Highly unsaturated oils traditionally used for paint and varnish
formulation are also considered highly desirable in human diets.
Oleic acid from new sunflower varieties, linoleic acid from soybean, linolenic acid
from linseed, erucic acid from canola seed, and ricinoleic acid from castor oil are
most important for chemical transformations. They offer in addition to the carboxy
group one or more double carbon bond.
New plant oils containing fatty acids with new and interesting functionalities are
becoming industrially available (e.g. petroselinic acid from Coriandrum sativum,
calendic acid from Calendula officinalis, α-eleostearic acid from tung oil, santalbic
acid from Santalum album (Linn.), and vernolic acid from Vernonia galamensis). The
basic oleo-chemicals are free fatty acids, methyl esters, fatty alcohols and fatty
amines as well as glycerol produced as a by-product. Interesting new industrial
applications include usage as environmentally friendly industrial fluids and lubricants,
insulating fluid for electric utilities such as transformers, and additives to asphalt.
Table 6 Plants containing oils
Species

Common
name

Acacia dealbata

Use

Other uses*

Silver wattle

Seed oil 10% – paint,
varnish, soap

1, 4, 5

Bauhinia
variegata

Purple
orchid tree

Oil content is16.5%:
Composition: linoleic 37%,
oleic 26%, stearic 17%,
palmitic 19%

4, 5

Butea
monosperma

Flame of the
forest

Oil 15.5%: palmitic 19%,
behenic 14%, linoleic 28%,
oleic 22%

4, 5, 8

Caryocar
glabrum

Soapwood

Seed 30% oil: palmitic
45%; oleic 49%

3, 5, kernels edible
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Species

Common
name

Use

Other uses*

Copaifera
langsdorffii

Diesel tree

1L of oil/tree; Copaiba –
lacquers, biodiesel

Contains BetaCaryophyllene,
chemically closest to
napthene

Crambe
abyssinica

Crambe

Inedible seed oil, 55–60%
erucic acid

1, 3, 11, coatings;
nylon polyesters;
plastics

Garcinia
lateriflora

Bolivian
mangosteen

Seeds contain 8–9% oil

pharmaceuticals

Gevuina
avellana

Chilean
hazel

Oil rich in linolenic and
ecosaenoic acid

5, food, cosmetics

Laurus nobilis

Bay leave

Berry 28% oil; lauric acid
54%

3, condiment

Lecythis ollaria

Paradise nut Seed 63% oil; oil potent
haemostatic agent; 5–10%
selenium in oilcake

5, seed edible

Limnanthes
douglasii

Meadow
foam

Seed oil yield 30%;
eicosanoic acid 60%

1

Lunaria annua

Honesty
plant

30–38% oil; rich in nervonic 1, pharmaceuticals
and erucic acids

Melia azedarach

Chinaberry

Oil suitable for illumination;
oleic acid 48.6–69.0%,
palmitic acid 14.5–25.0%
and stearic acid 13.4–
27.5%

insecticide

Moringa oleifera

Drumstick
tree

Seed oil 43%; 70% oleic
acid, cooking oil

1, 11, plant growth
enhancer, food,
biofuel, animal
feedstock,

Nephelium
lappaceum

Rambutan

Seed oil 39%: oleic and
arachidic acid major fatty
acids - 36%

3, 6,
pharmaceuticals

Nitraria schoberi

Nitre bush

Seed oil: linoleic acid 62%,
palmitic, oleic and myristic
acids

pharmaceuticals,
food, influence
synthesis of silver &
gold nanoparticles

Pangium edule

Football tree

Oil good for cooking oil
(after heat treatment), oleic
acid 45%, linoleic 39%;

edible fruit (after
cooking)
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Species

Common
name

Use

Other uses*

biodiesel (very low cloud
and pour point), soap and
illuminant
Pappea
capensis

Jacket plum

Seeds rich in edible, nondrying & viscous oil (about
74%) used for making
soaps and oiling guns

1, pharmaceuticals,

Pistacia
chinensis

Chinese
pistachio

Seed oil 35% used for
biodiesel; oleic acid
47.32%, linoleic acid
31.58%,

5, 8, food

Ricinodendron
heudelotii

Groundnut
tree

Seed kernel 47% oil w/w;
8, food,
drying, usable in varnish
pharmaceuticals
and soft soap;
waterproofing; stearic 48–
56%; linoleic acid 25–30%
– cooking oil and margarine

Shorea robusta

Sal

14.8% oil also used as
illuminant and vegetable
fat; seed 14% fat; 35–45%
stearic acid and 40–45%
oleic acid

replacing plastic;
pharm, oilcake 50%
starch, animal feed,
preparing canned
food, good timber

Stokesia laevis

Stokes aster

Seed 27–44% oil; 64–79%
vernolic acid

coating industries,
plasticisers and
stabilisers

* Numbers refer to tables 1–8.

5.7 Terpenes/latex
Acacia resins are usually mixtures of diterpenes. These lipid-soluble materials are
used in a number of minor applications, primarily as adhesives that might be useful
for manufacturing wood products. Plants containing terpenes are listed in Table 7.
Some diterpenes may serve as relatively versatile precursors for synthesis of other
groups of useful compounds. The most useful derivative from the terpenoids is
natural rubber (from guayule, dandelion).
Some industrial materials are classified as ‘strategic’ or critical to national defence.
Natural rubber is one of these materials.
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Table 7 Plants containing terpenes/latex
Species

Common name

Effect

Other uses*

Parthenium
argentatum

Guayule

Rubber for tyres, latex
for medical gloves,
wetsuits

4, biofuel,
particleboard

Picea orientalis

Spruce gum

Turpentine is obtained
from the bark and
branches

4, edible

Pinus caribaea

Pitch pine

20% turpentine can be
manufactured from the
oleoresin

4, 5, timber

Pinus cembra

Swiss pine

20% turpentine
obtained from oleoresin

pine nuts

Pinus pinaster

Maritime pine

Turpentine obtained
from the resin

2, rosin

Strophanthus
preussii

Poison arrow

Latex of the plant is
used for coagulating
the latex of Funtumia
elastica when making
rubber

pharmaceuticals

Taraxacum koksaghyz

Russian
dandelion

Roots – rubber

tea, coffee

Willughbeia
coriacea

Borneo rubber

Inferior quality rubber

food

* Numbers refer to tables 1–8.

5.8 Dyes
A dye is a coloured substance that has an affinity to the substrate to which it is
applied. Plants containing dyes are listed in Table 8. The dye applied in an aqueous
solution requires a mordant to improve the fastness of the dye on the fibre. Natural
dyes are dyes or colourants derived from plants, invertebrates or minerals. The
majority of natural dyes are vegetable dyes from plant sources — roots, berries, bark,
leaves and wood — and other organic sources, such as fungi and lichens.

20

Renewable chemicals and bioproducts
Table 8 Plants containing dyes
Species

Common name

Effect

Other uses*

Acacia dealbata

Silver wattle

Yellow – flower; green –
pods

1, 4, 5

Acacia
pycnantha

Golden wattle

Yellow

5

Bixa orellana

Lipstick tree

Annatto colourant and
4
condiment from red seed;
Natto, obtained from the oily
arils of the seeds, is the
world’s second most
important dye yielding
yellow to red colours

Butea
monosperma

Flame of the
forest

A bright yellow to deep
orange-red dye, known as
butein, prepared from the
flowers is used especially
for dyeing silk and
sometimes for cotton

Chrozophora
tinctoria

Dyer’s cotton

Blue-purple colourant
‘turnsole’ used in medieval
illuminated manuscripts and
as a food colourant. Edible
red and blue dyes are
obtained from the flowers,
fruit and sap
Dye

Geranium
wallichianum

4, 5, 6

5,
pharmaceuticals

Indigofera
tinctoria

Indigo

indigo dye – leaves

Nephelium
lappaceum

Rambutan

Young shoots are used to
6
produce a green colour on
silk that is first dyed yellow
with turmeric. The fruit walls
used with tannin-rich parts
of other plants dye silk black
after a preliminary red
staining. Leaves are used,
together with mud, as an
impermanent black dye

Onosma
echioides

Golden drop

Red dye from roots

pharmaceuticals
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Species

Common name

Effect

Other uses*

Pinus cembra

Swiss pine

Tan or green dye is
obtained from the needles

2, 7

Pinus pinaster

Maritime pine

Tan or green dye is
obtained from the needles

7

Pistacia
chinensis

Chinese
pistachio

Wood – yellow dye

5, 6, 7, edible

Ricinodendron
heudelotii

Groundnut tree

Indigo dyeing

6, edible,
pharmaceuticals

Tagetes minuta

Stinking roger

Tamidye or TAMI dye

foodstuff

Taraxacum
officinale

Common
dandelion

Magenta-brown dye is
obtained from the root

food, tea, coffee

Tragopogon
porrifolius

Jerusalem star,
oyster plant

Latex derived from the root
can be used as a chewing
gum

food, flower

* Numbers refer to tables 1–8.

5.9 Insecticides and vermicides for animals
Insecticides can be classified in two major groups: systemic insecticides, which have
residual or long-term activity, and contact insecticides, which have no residual activity.
Table 9 list plant species containing chemicals suited as insecticides and vermicides.
Table 9 Plants containing chemicals used in insecticides and vermicides for animals
Species

Common name

Effect

Chemical

Acorus calamus

Sweet flag,
Calamus

Insecticide against
ticks

asarone –
powdered root

Anacardium humile

Monkey nut

Treating helminthiasis

alkaloid – leaves

Artocarpus elasticus

Wild breadfruit
tree

Roundworm

saponins – leaves

Backhousia
citriodora

Lemon myrtle

Insect repellent

citral

Baptisia tinctoria

Wild indigo

Fly repellent

baptitoxine

Betula lenta

Sweet birch

Insecticide/fungicide

methyl salicylate

Bixa orellana

Lipstick tree

Insect repellent, pod
inside – skin diseases
on dogs; intestinal
parasites; seed coat

bixin

Catharanthus
roseus

Madagascar
periwinkle

Anthelmintic

ajamalicine,
serpentine &
reserpine
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Species

Common name

Effect

Chemical

Calycanthus floridus

Carolina
allspice

Insect repellent

camphor,
pregeijerene

Cistus ladanifer

Labdanum

Insecticide

labdanum

Combretum
erythrophyllum

Hiccup nut

Deworming dogs

apigenin,
kaempferol

Cymbopogon
martinii

Palmarosa
grass

Anthelmintic against
nematodes, antifungal
& mosquito repellent

geraniol

Cymbopogon
nardus

Blue citronella
grass

Insect repellent;
alternative to
commercial antibiotics
for aquaculture

citronellal

Ferula tingitana

Giant Tangier
fennel

Insecticide

silphion, tingitanol

Gaultheria
fragrantissima

Fragrant
wintergreen

Anthelmintic against
hookworms

methyl salicylate

Hedysarum
coronarium

Sulla

Anthelmintic (grazed)

antibloating, high
quality forage

Mammea americana

Mammee apple,
South American
apricot

Insecticide

mammein

Pachyrhizus erosus

Mexican yam

Insecticide

rotenone

Pangium edule

Football fruit

Treatment of external
skin parasites

rynocardin

Pappea capensis

Jacket plum

Purgative for cattle

tannins, saponins

Pinus cembra

Swiss pine

Anthelmintic

pinene,
phellandrene

Pinus pinaster

Maritime pine

Anthelmintic

terpenes

Sapindus saponaria

Wingleaf
soapberry

Improve ruminal
volatile fatty acids
profile, microbial
efficiency & duodenal
flow of microbial
protein in sheep

saponins

Sassafras albidum

Sassafras

Insect repellent

safrole

Styrax benzoin

Sumatran
Benzoin

Topical protectant,
antiseptic

benzoin

Tagetes minuta

Southern cone
marigold,
stinking roger

Insect repellent, antitick agent

terpenes
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5.10 Plant protection and herbicides
Natural plant chemicals will undoubtedly play a significant role in the future of pest
control, with the increasing need for new and safer insecticides. Natural insecticides,
such as nicotine, pyrethrum and neem extracts, are produced by plants as defences
against insects. Organic insecticides mostly work by contact. Plant containing
chemicals suitable for use as insecticides and herbicides are listed in Table 10.
Many plants also exude substances to repel insects. An example is substances
activated by the enzyme myrosinase. Since allyl isothiocyanate is harmful to the plant
as well as the insect, it is stored in the harmless form of the glucosinolate, separate
from the myrosinase enzyme. This enzyme converts glucosinolates to various
compounds that are toxic to herbivorous insects and the enzyme is used in the
biosynthesis of antifeedants. Azadirachtin and other limonoids in many plant species
in the Meliaceae and the Rutaceae families have long been used with success in
insect control, especially in India.
Allelochemicals are another substance produced by higher plants that selectively
inhibit the growth of soil microorganisms or other plants, or both. These phytotoxic
compounds play a role in chemical warfare between plants (allelopathic interactions)
and include natural herbicides, phytoalexins (microbial inhibitors), and inhibitors of
seed germination. Although many allelochemicals are strictly defence substances,
others are offensive compounds that act directly in weed aggressiveness,
competition and the regulation of plant density. Artemisinin is a sesquiterpenoid
lactone of annual wormwood (Artemisia annua L.). It is synthesised and sequestered
in glandular trichomes on the leaves and flowers. It can also be excreted by the roots
or root hairs, but only at the beginning of the growing season; therefore, dead leaves
are the major source of artemisinin in soils. Artemisinin is also lost by rain run-off but
to a minor degree (less than 0.5%). This allelopathin is well known as a promising
antimalaric agent but also as a phytotoxin selective mainly to broadleaf weeds. Soltys
et al. (2013) support this view by concluding that the creation of bio‐herbicides based
on allelochemicals generates the opportunity to exploit natural compounds in plant
protection. It shows the possibility to cope with evolved weed resistance to herbicides.
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Table 10 Plants containing chemicals used in plant protection/herbicides
Species

Common name

Acorus calamus Sweet flag

Effect

Chemical

Sterilise male weevils

Beta-asarone

Bixa orellana

Lipstick tree

Inhibition of fruit
ripening, defoliating

abscisic acid

Chrozophora
tinctoria

Dyer’s croton,
turnsole

Allelopathic

chrozophorin

Enterolobium
cyclocarpum

Elephant ear
tree

Insecticide against
termites

Indigofera
tinctoria

Wild indigo

Nematicidal against
Radopholus similis in
bananas

rotenone, tephrosin,
sumatrol

Mammea
americana

South American
apricot

Insecticide against
worms, moths, carpet
beetle

mammein

Melia
azedarach

China berry

Antifeed and growth
inhibitor to cutworm
and beet armyworm

meliacins –
tetranortriterpenoids

Osmanthus
fragrans

Fragrant olive

Insecticide

iridoid glucosides

Pachyrhizus
erosus

Mexican yam

Insecticide

rotenone

Sapindus
saponaria

Western
soapberry

Insecticide against
glasshouse whitefly,
phytotoxic, allelopathic

saponins – triterpenes
hederagenin,
oleanolic acid and
acyclic sesquiterpene
oligoglycosides

Sassafras
albidum

Sassafras

Allelopathic

alpha-phellandrene,
eugenol, 2-pinene

Sciadopitys
verticillata

Umbrella pine

Inhibition of
adventitious root;
antibiotic & antifungal

methyl sciadopate

Tagetes minuta

Stinking roger or
black mint

Insecticide against
slugs & snails, bee
killing mite; allelopathic

tagetones, ocimene,
myrcene, linalool

Taraxacum
officinale

Common
dandelion

Stunting growth of
nearby plants and
causes premature
ripening of fruits

ethylene gas

25

Renewable chemicals and bioproducts

5.11 Perfumes and cosmetics
Flavour and fragrance can be manufactured from natural and synthetic feedstock.
Natural aroma chemicals are isolated from essential oils, which are naturally
occurring volatile products from different parts of the plant: fresh or dried fruit, root,
bark or seed. Plants containing essential oils in reasonable quantities are listed in
Table 11.
Essential oils extracted by steam distillation, expression or solvent extraction usually
traded as is, with the differentiation being the complex chemical structures and thus
organoleptic properties. Quantities of essential oil are usually very low.
Cosmetic chemicals are the basic ingredients found in cosmetic products including
soap, shampoo, lipstick, mascara, deodorants and other beauty products (excluding
the products listed under therapeutic goods). At present, various cosmetic business
enterprises use more than 5000 different chemical compositions to offer selected
cosmetic products. Based on its end use applications, cosmetic chemicals have been
further divided into surfactants, emollients, conditioning polymers and ultraviolet
absorbers. These chemical-based products contain preservatives that hinder
microbial growth and thereby offer longer shelf life to the cosmetics. In addition,
these chemicals contain a variety of vitamins, antioxidants, minerals, herbs,
hormones and fragrances. This vast range of cosmetic chemicals allows business
cosmetics to deliver different types of cosmetics in the market, thereby offering a
vibrant market to cosmetic industries.
Table 11 Plants containing chemicals used in perfumes and cosmetics
Species

Common name

Effect

Chemical*

Acacia conferta

Crowded-leaf
wattle

Perfume

essential oil

Acacia dealbata

Silver wattle

Mimosa oil or ‘cassie’ essence of the
flowers

Acacia
pycnantha

Golden wattle

perfume

scented flowers

Acorus calamus

Sweet flag or
Calamus

perfume

leaf oil/rhizomes

Agathosma
apiculata

Honey buchu

Essential oil –
perfume; leaf oil –
cosmetics

essential oil

Astragalus
gummifera

Milk vetch

Cosmetic and
aromatherapy

natural gum
tragacanth

Betula lenta

Sweet birch

Perfume, shampoo

essential oil

Bixa orellana

Lipstick tree

Lipstick, body paint

seed colouring,
chemically similar to
beta-carotene
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Species

Common name

Effect

Chemical*

Boronia
megastigma

Brown boronia

Perfume

essential oil – flowers

Boswellia serrata

Indian
frankincense

Incense

gums and resins
(US$250/kg)

Calycanthus
floridus

Carolina allspice

Perfume

essential oil – flowers,
leaf extract

Caryocar
glabrum

Soapwood

Cosmetics

seed oil

Chimaphila
umbellata

Pipsissewa

Perfume

flavonoids

Cistus ladanifer

Labdanum

Fixative for perfume

leaf oil

Commiphora
myrrha

Myrrh

Perfume, incense

resin from dry tree
sap (US$250/kg)

Commiphora
schimperi

Glossy-leaved
corkwood

Perfume, incense

essential oil, gum

Cyperus
rotundus

Nutgrass

Perfume

essential oil from root

Eriodictyon
californium

Yerba mate

Skin repair

polyphenols, leaf 1%
caffeine

Eucalyptus
macarthurii

Camden
woolybutt

Perfume

leaf oil (US$13–
25/kg)

Ferula communis

Giant fennel

Incense

gum, inflorescence oil

Gaultheria
fragrantissima

Fragrant
wintergreen

Perfume, hair oil

essential oil

Gevuina avellana

Chilean hazel

Cosmetic, sunblock

seed oil

Homoranthus
virgatus

Honey bush

Perfume

essential oil

Hyssopus
officinalis

Hyssop

Perfume

essential oil – leaves

Limnanthes
douglasii

Meadow foam

Carrier/base oil

seed oil

Liquidambar
styraciflua

American sweet
gum

Perfume

resin

Moringa oleifera

Drumstick tree

Perfume from
flowers, oil as
cosmetic base

1, 6, food, plant
growth enhancer,
animal feed
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Species

Common name

Effect

Chemical*

Opopanax
chironium

Sweet Myrrh

Perfume

resin (US$133/kg)

Osmanthus
fragrans

Fragrant olive

Perfume

oil

Pinus caribaea

Pitch pine

Perfume

essential oil

Polianthes
tuberosa

Tuberose

Perfume

essential oil

Sassafras
albidum

Sassafras

Perfume, soap
fragrance

essential oil

Styrax benzoin

Sumatran
benzoin

Perfume, incense,
fixative

resin

Taraxacum
officinale

Common
dandelion

Cosmetic

distilled water made
from the ligules

* Numbers refer to tables 1–8.

5.12 Other uses
Plants containing other unique bioproducts (high value niche-uses in the food and
pharmaceutical industry) are listed in Table 12.
Table 12 Plants containing other products
Species

Common name

Effect

Backhousia
citriodora

Lemon myrtle

essential oil, food, pharmaceuticals

Cistus albidus

Rockrose

substitute for marjoram, tea

Crocosmia
aurea

Falling star

substitute for saffron

Curcuma
amada

Mango ginger

food, pharmaceuticals

Gymnema
sylvestre

Cowplant

chewing the leaves suppresses the sensation of
sweet, herbal medicine as a treatment for
diabetes

Voacanga
africana
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6 Markets
With increasing global environmental consciousness, sustainability is gaining focus
across business practices. Europe, especially Western Europe, has positioned itself
at the centre of the green evolution with high levels of consumer awareness and
accountability resulting in better acceptance of green products. Renewable chemicals
represent a market opportunity predicted to grow dramatically from US$2.8 billion in
2011 to US$98.5 billion by 2020. Market leaders — including Dow, BASF, Clariant,
Evonik, DuPont, Nestle, Nike, Volkswagen, P&G, Novartis, L’Oreal, ThyssenKrupp,
Novamont, Versalis-ENI and the M&G Group (part of 44% of 700 chemical
companies surveyed) — are looking to produce and source more of their chemicals
from plant-based feedstock, with plans to increase their use of plant-based materials
over the next five years (Hawkins 2015).
What is the driver?
• Organic and natural ingredients act as a source of innovation and create a
competitive differentiation/advantage. End-product manufacturers are always
looking for novelty ingredients for marketing claims as well as for delivering better
performance. New products and markets can provide this impetus.
• End-users are increasingly aware of and concerned about ingredients in products.
What are the challenges?
• Price pressures from commoditised ingredients. Cost associated with procuring
and processing organic and natural raw materials into specialty ingredients is
higher than the cost of processing synthetic chemical-based ingredients.
• Formulation challenges restrain adoption of natural and organic personal care
products. Due to processing difficulties and restrictions on processing steps to
secure eco labels, natural formulations sometimes tend to be pasty or coarse and
therefore might not match up to the look and feel of synthetic formulations (Cole
1976).
The production of 6 of the top 10 alternative bioproducts for the chemical industry is
in process: ethylene, ethylene oxide, dichloro-ethane, propylene, formaldehyde and
propylene oxide. The annual demand for ethylene and propylene in Western Europe
alone is 40.5 million tonnes (Ulber et al. 2011).
The worldwide production of plastics in 2010 was 265 million tonnes (equating to 6%
of global oil consumption) with only 0.7 million tonnes coming from bioplastics. In
November 2012, the bioplastics contribution was 1.7 million tonnes, a 20% increase
(CHEManager International 2014). The global demand for biobased and
biodegradable plastics is expected to rise 19% per year to 950 000 million tonnes in
2017 (Markets and markets 2013).
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6.1 Lubricants
The worldwide demand for lubricants was 36.7 million MT in 2010, expected to rise to
42 million MT by 2015 (CHEManager International 2012).

6.2 Solvents
The global solvents market is about 19.7 million MT per year. At least 12.5% of the
total market volume could be produced from biomass, but the current figure is only
1.5% (CHEManager International 2012).

6.3 Surfactants
Biobased surfactants (surface-active molecules) are produced by microbial
fermentation or enzyme-catalysed reactions, with annual worldwide production at 17
million MT and expanding (CHEManager International 2012).

6.4 Gums
Gum arabic production in 2010 was 142 000t with a value of US$490 million, with
most produced in Africa (Chad, Nigeria and Sudan). In March 2011, the price of hard
gum was US$3.40–$3.60/kg in Sudan, US$3.20–$3.40/kg in Chad and US$3–
3.20/kg in Nigeria; brittle gum was US$1650–$1760/t in Sudan, US$1820–$1880/t in
Chad and US$1550–$1650/t in Nigeria (Wekesa et al. 2013).

6.5 Tannins
Hundreds of tonnes of tannin are produced from wood materials and wood bark for
the needs of leather, beverage and animal feed industries. The supply of the main
sources of tannin is the acacia and quebracho (Schinopsis lorentzii and
Aspidosperma quebracho-blanco) trees, but these are not sufficient to satisfy the
increasing industrial demand for tannin. In industrial use, tannin could be used to
replace fossil chemicals in adhesives and insulating foams. In Finland, softwood bark
tannins would be well suited for adhesive production for the manufacturing of wood
products at sawmills. It could also enhance the fire resistance of insulating foams
(Siegler 2002).
The market price of tannin extracted from present raw material sources is about
US$1–2/kg.

6.6 Oils
Asian economies are expected to drive demand for oilseeds and oilseed products
through the next decade (Caiger 2014, Thomas 2014). China is the key driver and,
while it is the third largest oilseed producer in the world, domestic production cannot
keep pace and China now depends heavily on imports. India is the world’s fourth
largest consumer of vegetable oils and, while it depends on internal production, it is a
net importer of about 5 million tonnes of vegetable oil annually.
Markets for value-added specialty oils and healthy products will expand, as
consumers globally demand healthier foods. Trans fatty acids (TFAs) are the current
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‘health’ driver in the oils and fats segment (Metzger 2009). TFAs are a type of
unsaturated fatty acid that can affect health by adversely affecting cholesterol level.
The rapid growth in soybeans and palm has been driven by cost competitiveness and
now dominate world oilseed and oil production. However, use of soy and palm oil is
changing in response to health and nutrition trends and concerns. The world is
seeking new products to meet this demand, away from saturated fats and TFAs,
which leads to the development of medium to high oleic, low linolenic acid canola
and sunflower oils and low linolenic soy oil through genetic manipulation. However,
there is a consumer resistance against the use of genetically modified organism
products. There is also a substantial opportunity to replace hard fats (palm oil and
tallow) in the domestic oils market. It has been estimated that more than 50 000
tonnes of oil could be replaced (value US$25 million). The global bulk price of high
oleic vegetable oil is US$3–$3.50/kg (AOF 2015, AusAID 2005).
Possible new oils/applications include:
• erucic acid (polymers, cosmetics, inks, pharmaceuticals): US$2.50/kg
• ricinoleic acid (lubricants, cosmetics pharmaceuticals): US$2.20/kg (Ogunniyi
2006)
• vernolic acid (resins, coatings, plasticisers): US$49/kg
• lauric acid (detergents): US$1.75/kg
• conjugated fatty acids (superior drying oils)
• petroselenic acid (polymers, detergents): US$3–$5/kg.

6.7 Terpenes
Terpenes, a class of specialty chemicals known to be effective for a wide range of
high value applications, have only been available to date from plants in exceptionally
minute quantities. They are not, however, new to the flavour and fragrance industries.
Whether they are natural extracts, aroma chemicals or essentials oils, terpenes and
terpene derivatives represent a US$650 million global market (Soltys et al. 2013).
They give toothpaste its minty taste, furniture polish its fresh, clean scent, and
signature fragrances their unmistakable smell.
Terpenes, such as limonene reagents, are replacements for xylene- and toluenebased solvents. They are derived from plant products, including citrus peels and
pinesap. Compared with aromatic solvents, terpenes have good solvency and are
biodegradable, less toxic and less flammable. The US consumes an estimated
113,000 tonnes per year of xylene.
Pine oleoresin prices for landowners are US$0.19–$0.40/kg.
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6.8 Dyes
The global dyes and pigments market is projected to grow at a compound annual
growth rate (CAGR) of 3.6% from 2013 to 2018 and reach 11 million tonnes by 2018.
Asia–Pacific, with its thriving economies and rapidly expanding manufacturing bases,
is expected to experience its highest consumption during the next five years (Markets
and markets 2013).
The major driving factors of the colourants market are growth in end-user industries,
rising demand for high performance pigments, and rising preference towards
environmentally friendly products. Dyes and pigments have a large number of
applications, ranging from paints and coatings, textile, construction, printing inks and
plastics. The paints and coatings industry is recording significant growth because of
growing infrastructure. According to the industry estimates, the global demand for
paints and coatings is anticipated to grow at a CAGR of 5.1% during the next five
years (Future market insights 2015). Printing ink is another application of the
colourants market, driven by various factors such as technological developments and
increasing demand for digital inks. Factors restraining the growth of the colourants
market are raw material price volatility, global over-capacity and environmental
concerns.
Some of the trends witnessed in the dyes and pigments market are the shifting of
manufacturing facilities from the US and Europe to India, China and Taiwan, and the
rising preference towards eco-friendly products, with Asia–Pacific having the largest
share. India and China are the largest contributors to growth of the colourants market.
The colourants market has also been segmented based on product types — dyes
(reactive dye, disperse dye, sulfur dye, VAT dye (a class of dyes that are classified
as such because of the method by which they are applied. Vat dyeing is a process
that refers to dyeing that takes place in a bucket or vat), acid dye, direct dye, basic
dye and others), organic pigments (azo, phthalocyanines blues and greens, and high
performance pigments), and inorganic pigments (titanium dioxide, iron oxide and
others). The global market for textile dyes is projected to reach US$7.9 billion by
2018, driven by rising demand for new eco-friendly dyes and growing textile
production in emerging markets. The new eco-dyes are designed to overcome the
drawbacks of traditional dyes, namely toxicity, environmental hazards and highenergy consumption. Increasing environmental pressure is further prompting players
to scale up research and development spending for producing eco-friendly natural
and sustainable ‘green’ materials. Furthermore, growing concerns over water
pollution and diminishing water resources is driving the industry to focus on
developing new technologies that largely eliminate the use of water.
Global price for dye is about US$28/kg, with the overall food colours market
anticipated to grow at a CAGR of 5.1% up to 2020. However, the natural food colours
market is projected to grow by 2.8 times more than the synthetic food colours market
and 2.1 times more than that of the caramel colours market. The global natural food
colours market reached around US$1.14 billion in 2014 (Future markets insight 2015).
Carotenoids are estimated to be the largest segment, with over 31% of the total
market share in 2014, followed by anthocyanin with 22%.
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6.9 Insecticides and anthelmintics
Intestinal helminth infections of livestock and humans are predominantly controlled
by treatment with three classes of synthetic drugs, but some livestock nematodes
have now developed resistance to all three classes and there are signs that human
hookworms are becoming less responsive to the two classes — benzimidazoles and
the nicotinic acetylcholine agonists — that are licensed for treating humans. New
anthelmintics are urgently needed and while development of new synthetic drugs is
ongoing, the work is slow and there are no signs yet that novel compounds operating
through different modes of action will be available on the market in the current
decade (Benke et al. 2008). The alternative is to exploit naturally occurring
compounds that exist in plants and trees and in their seeds and fruits.

6.10 Plant protection and herbicides
Plants produce many powerful chemicals to defend themselves against herbivores
(mostly insects) and pathogens. Just a few examples of these highly active plant
chemicals are nicotine (nicotiana plants), plant sterols (drug precursors), urushiol
(poison oak and ivy oil), as well as pyrethrum and rotenone (natural insecticides).
In the global insecticides market, the organophosphorus compounds segment had
the largest market share of 27.6% in 2013, followed by the pyrethroids segment. The
organophosphorus segment is projected to grow at a CAGR of 5.3% to reach a value
of $4.7 million by 2019 (Allied Market Research 2015).

Figure 2 Market size of insecticides (Allied Market Research 2015)
Asia–Pacific and North America are the top two consumers of crop protection
chemicals, accounting for nearly half of the total market share. Asia–Pacific is the
fastest growing region, forecast to reach US$8.3 billion by 2020, with the fastest
33

Renewable chemicals and bioproducts
CAGR of 6.7%. The global herbicide market could reach US$31.5 billion by 2020,
registering CAGR of 5.4% from 2014 to 2020. It is estimated that bioherbicides would
grow the fastest at 27.8% CAGR by 2020 (Allied Market Research 2015).
Phytotoxic compounds is another set of natural chemicals that play a role in chemical
warfare between plants (allelopathic interactions) and include natural herbicides,
phytoalexins (microbial inhibitors), and inhibitors of seed germination. Although many
allelochemicals are strictly defence substances, others are offensive compounds that
act directly in weed aggressiveness, competition and the regulation of plant density
(Soltys et al. 2013).

6.11 Perfumes and cosmetics
Companies these days are focusing on organic-grade cosmetic chemicals because
they are considered a healthier option than commodity surfactants and petroleum oils.
The cosmetic chemicals market has been segmented into skin care, make-up, hair
care and fragrance products. Among all its market segments, cleaning agents and
foaming agents are the end use applications that account for the largest percentage
of the market. Skin care products accounted for 31% of global cosmetic market in
2013 (Triump Venture Capital 2004). Though cosmetic chemicals offer many options
to formulate cosmetics depending on different skin types, the market is shifting
towards natural surfactants primarily because of rising safety concerns about sulfatebased surfactants.
North America is the largest market for cosmetic product consumption, accounting for
21.2% of global market share in 2012 (US$54.89 billion). However, the market share
is set to shift towards the Association of Southeast Asian Nations region, where
ethnic and cultural diversity is driving the cosmetics market upwards. A predicted
growing consumer class in this region (from 67 million customers to 125 million by
2025) will offer a lucrative market for various cosmetic channels (Triump Venture
Capital 2004).
The product market for beauty care is forecast to reach US$265 billion by 2017
(Yeomans 2012). The global essential oil market was US$3.6 billion in 2005, with the
European Union the biggest trader (AusAID 2005). In South Asia, net imports of
essential oil amounted to more than US$100 million, with India the biggest trader.
The global market for essential oil fragrance and flavour was estimated at US$24
billion in 2011, growing at an annual rate of 10% (Govindasamy et al. 2013).
The global price for some perfumery oils (US$/kg) is as follows:
• eucalyptus (high cineole) $4
• frankincense $120 (India); $250 (France)
• citronella $18
• palmarosa $53
• tea tree $58
• myrrh (extracted) $144; (distilled) $450.
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7 Results from this assessment
The UWA (Chemical Engineering Division), TFS Corporation (Mt Romance) and
DAFWA assessed the commercial potential for different industries. The UWA team
(D. Zhang, W. Zhou, Y. Ma and Z. Zhang) assessed industrial and general chemicals.
The DAFWA team (B. Besier, S. Micic and J. Moore) assessed chemicals dealing
with plant protection and animal health and A Brown (Head of Research,
Development and Regulatory, TFS Corporation) assessed compounds for the
perfumery and cosmetics industry.

7.1 Industrial and general chemicals
Table 13 shows the top 12 plant species in terms of value to industrial and general
chemicals identified by UWA.
Table 13 Plant species with potential for renewable chemical production
Name

Score

Plant type

Major renewable chemical

Moringa oleifera

100

tree

fatty acids, zeatin, antioxidants

Parthenium argentatum

100

shrub

high quality rubber, resins

Taraxacum kok-saghyz

100

perennial

high quality rubber, inulin

Crambe abyssinica

100

annual

erucic acid

Argania spinosa

96

tree

fatty acids

Liquidambar styraciflua

94

tree

shikimic acid, resins

Lecythis ollaria

94

tree

organic selenium

Limnanthes douglasii

90

tree

eicosanoic acid

Gevuina avellana

89

tree

antioxidants, fatty acids

Pistacia chinensis

85

tree

fatty acids, polyphenols, tannins

Acacia mearnsii

85

shrub

tannins

Chimaphila umbellata

80

perennial

quinone, phenols, terpenes

7.2 Plant protection
Plants assessed by experts in entomology and weed science as having commercial
potential as insecticide or herbicide are as follows:
• Indigofera tinctoria and Pachyrhizus erosus: Rotenone (a phytochemical in these
plant species) is registered with the APVMA (the Australian Pesticides and
Veterinary Medicines Authority) for use on aphids and caterpillars.
• Mammea americana: The phytochemical (Mammein) in this plant has applicability
to the domestic market to protect clothing and carpets by using a chemical derived
from a natural source. Mammein as an insecticide needs to be trialled against
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pests, such as diamondback moth, that are resistant to many synthetic
insecticides.
• Sassafras albidum: The plant contains pinene and because pinene repels insects,
efficacy against clothes moth could be an option. It is not registered with the
APVMA.
• Cymbopogon nardus: The plant contains eugenol, which acts as an attractant for
many beetle and bee species. It could be used as bait for feral bees or as bait to
tell whether certain pest species are present. Bayer has registered eugenol with
the APVMA.
• Tagetes minuta contains Linalool; a terpene alcohol used as an insecticide for
fleas, fruit flies and cockroaches. It would be worth pursuing for any efficacy
against slugs.

7.3 Animal health
Considerable efforts have been made to identify the active ingredients in plants, and
some are well known, but few have lived up to expectations when tested rigorously.
Some of the earliest known medicinal anthelmintic plants include papaya (Carica
papaya), fig (Ficus spp.) and pineapple (Ananas comosus). However, commercial
interest is lacking (Behnke et al. 2008). An alternative might be including parts of
plants containing the compounds — such as Hedysarum coronarium, which is high in
tannins — in animal feed.

7.4 Perfumes and cosmetics
According to A. Brown ([TFS Corporation] 2015, pers. comm.) aromatic chemicals
are the strength of TFS Corporation’s distribution. Woody notes have been in short
supply for some time; hence, there should probably be a preference for those.
However, Tuberose and Boronia have been getting high prices in recent years.

7.5 Other
While this scoping study concentrated on industrial and agri-chemicals, the plant
species identified in Table 12 have potential in the pharmaceutical and food
industries. Market demand for plant proteins, for example, is growing rapidly. The US
protein ingredients market alone was forecast to generate nearly US$4.5 billion in
2008 (43.3% plant proteins and 56.7% animal proteins) and is projected to grow at a
compounded annual growth rate of 4.5% to 2014, with plant proteins expected to
grow at an even higher rate (Scott-Thomas 2015).
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Conclusion
Four plant species rated high according to the matrix in Appendix B: Moringa oleifera,
Parthenium argentatum, Taraxacum kok-saghyz and Crambe abyssinica. Crambe
abyssinica and Taraxacum kok-saghyz were not considered any further because it is
an annual requiring cropping each year, emitting much more greenhouse gasses
compared to perennials. Moringa oleifera is a multipurpose plant and one of the
fastest growing trees in the world. It has several applications in the food industry as
well as industrial uses. Parthenium argentatum and Taraxacum kok-saghyz both
produce latex/rubber — an important chemical/product — with P. argentatum (a
perennial) producing higher quantities of latex than T. kok-saghyz and a bio-oil that
can be turned into renewable aviation fuel.
Other lower rated plant species have potential in niche markets; for example,
Curcuma amada (mango ginger) may specifically have application in the gourmet
food trade and fit into the ‘Gourmet food to Hong-Kong’ project.
Moringa oleifera is the most prospective alternative plant species for consideration
for commercial exploitation under irrigation in the rangelands (close to the coast and
away from severe frosts) as part of diversification. Previous work by DAFWA in
Carnarvon and Kununurra showed that this plant species thrived in these areas.
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Appendix A

Plant species

Abies balsamea: small to medium evergreen tree
Common name: Balsam fir
Climatic conditions: During winter, frequent storms bring bitter cold and frozen
precipitation, especially to the north. Summers are warm and humid, especially to the
south.
Uses:
The resin is used as a cold remedy and as glue for glasses and optical instrument
components. The wood is milled for framing lumber and pulped for paper. Balsam fir
oil is an Environmental Protection Agency-approved nontoxic rodent repellent.
Balsam fir is used also as an air freshener and incense because of the sweet,
turpentine smell created by abundant resin in its bark and needles. The pungent
resin yields from Canada balsam are used to manufacture varnish and as an
adhesive for mounting microscope slides. It also yields an insect juvenile hormone
regulating many aspects of insect physiology (development, reproduction, diapause
and polyphenisms). [58, 7, 8, 45]
Chemicals:
The essential oil (exhibiting antibacterial activity) contains monoterpenes (more than
96%) and some sesquiterpenes, with beta-pinene (29.9%), delta-3-carene (19.6%)
and alpha-pinene (14.6%) as the major components. Leaf oil contains 17.6% bornyl
acetate and 1-a-pinene. Analogues of the insect juvenile hormones found —
juvabione — is a group of acyclic sesquiterpenoids. [8, 45]

Acacia conferta: shrub or small tree
Common name: Crowded-leaf wattle
Climatic conditions: temperate
Uses:
The flowers possess a remarkable perfume and have been suggested as a source of
essential oils for use in perfumery. [32, 59]
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Acacia dealbata: shrub or small tree
Common name: Silver wattle
Climatic conditions: Mediterranean, warm temperate and highland tropical
Uses:
It produces mimosa oil used for perfumery. The essence of the flowers, called ‘cassie’
or ‘opopanax’, is used in perfumes. The leaves are sometimes used for extracting
essential oils. Seeds are used in Indian chutney and wood is used for furniture. The
plant has some use in aromatherapy and as a fixative in soap and fragrance for highclass perfumery. The wood of this species is used for pulpwood in Tasmania and has
good gluing properties, which makes it suitable for wood composite products. The
wood is a striking light brown to subtle pink timber with obvious growth rings that
create an appealing and attractive figure. The bark yields 16–36% tannin, while the
gum produced from wounds in the bark has potential as a gum arabic substitute
(previously used as a source of commercial gums). It is used in the commercial cut
flower trade. A yellow dye is obtained from the flowers and a green dye is obtained
from the seedpods. Another use is triglycerides from seed oil; fatty acids derived from
these triglycerides are used commercially to make soap, as precursors for plastics,
for manufacturing lubricants, waterproofing substances and a variety of other
products. Highly unsaturated oils are traditionally used for paint and varnish
formulation and are considered highly desirable in human diets. [59, 58, 32]
Chemicals:
It contains enanthic acid, palmic aldehyde, anisic acid, acetic acid and phenols.
Long-chain aliphatic n-alkyl caffeates, together with other p-hydroxycinnamic acid
esters, found in the dichloromethane extracts of bark. The protein content is 20.9%.
The oil comprises mostly triglycerides (3–22%), dominated by linoleic and oleic acid.
‘Cassie’ contains anisaldehyde, benzoic acid, benzyl alcohol, butyric acid, coumarin,
cresol, cuminaldehyde, decanal, eicosane, eugenol, farnesol, geraniol, 2hydroxyacetophenone, methyl eugenol, methyl salicylate, nerolidol, palmitic acid,
salicylic acid and alpha-terpineol. [34]

Acacia mearnsii: shrub or small tree
Common name: Black wattle
Climatic conditions: temperate, Mediterranean
Uses:
Black wattle is a major commercial source of good quality tannins. The bark often
contains 20–40% tannin with considerable variation in yield and quality. These
tannins are used primarily for tanning leather but also have applications as dyes,
corrosion inhibitors, promoters of the flow of liquids in pipes, and as pharmaceutical
products. Another major demand is for production of tannin-based wood adhesives,
which has improved water resistance properties fewer health concerns compared
with urea–formaldehyde bonded board that is commonly used. Other uses for tannins
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include flocculation of clay suspensions in municipal water supplies, surface coatings
for wood and thinning agents for drilling muds. [54, 59, 34]
Chemicals:
The bark of this species contains about 70% proanthocyanidins (up to 3000 parts per
million). The proanthocyanidins themselves consist largely of bi-, tri- and tetrameric
profisetinidins and prorobinetinidins. [45]

Acacia pycnantha: shrub or small tree
Common name: Golden wattle
Climatic conditions: Mediterranean
Uses:
Bark harvested for tannin from seven to 10 years of age provides the highest tannin
yield of all the wattles. The scented flowers are used for making perfume and the
plant exudes a gum when stressed - gum Australia. The gum was eaten by
indigenous Australians and has been investigated as a possible alternative to gum
arabic, commonly used in the food industry. A yellow dye is obtained from the flowers
and a green dye is obtained from the seedpods. The bark is rich in tannin – dried to a
10% moisture basis; the bark contains 40.8% tannin. The bark was previously also
used as a source of commercial gums. [45, 59]
Chemicals:
The gums contain proanthocyanidins; consisting largely of bi-, tri- and tetrameric
profisetinidins and prorobinetinidins. [34]

Acacia rossei: shrub or small tree
Common name: Yellowdine wattle
Climatic conditions: Mediterranean
Uses:
The resin is used as an adhesive and precursors for synthesis of other groups of
useful compounds. [32, 59, 58]
Chemicals:
Labdane diterpenes [58]

Other acacias [34, 54, 60]
A. rivalis: gum formed the basis of a small commercial industry
A. victoriae: edible seed, several saponic triterpene glycosides, possible suppression
of the development of malignant cells, strong emulsifying capacities
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Acorus calamus: perennial wetland monocot
Common name: Sweet flag, Calamus
Climatic conditions: temperate
Uses:
Calamus essential oil is valued in the perfume industry. The essence from the
rhizome is used as a flavour for pipe tobacco. When eaten in crystallised form, it is
called ‘German ginger’. Scented leaves and more strongly scented rhizomes have
traditionally been used medicinally and to make fragrances, and the dried and
powdered rhizome has been used as a substitute for ginger, cinnamon and nutmeg.
In Europe, it was often added to wine and the root is a possible ingredient of absinthe
(anise-flavoured spirit). It is used in bitters, the powdered root as insecticide, and as
thatching material. Roots and leaves have shown antioxidant, antimicrobial and
insecticidal activities and it may prove to be an effective control measure against
cattle tick, Rhipicephalus (Boophilus) microplus. In 1968, the US Food and Drug
Administration banned products derived from A. calamus (such as its oil) from being
used as food additives and medicines. The essential oil is an insect repellent and
insecticide effective against houseflies. When added to rice being stored in granaries,
it has significantly reduced loss caused by insect damage because the oil in the root
causes sterilisation in the male rice weevils. An essential oil obtained from the leaves
is used in perfumery and for making aromatic vinegars. The leaves and roots have a
refreshing scent of cinnamon. All parts of the plant can be dried and used to repel
insects or to scent linen cupboards. [4, 8, 43, 59]
Chemicals:
The roots contain α- or β-asarone. A recent study showed that β-asarone isolated
from A. calamus oil inhibits adipogenesis in 3T3-L1 cells and thus reduces lipid
accumulation in fat cells. Another phytochemical is eugenol. Fresh leaves contain
0.078% oxalic acid, fresh roots yield about 1.5–3.5% essential oil and dried roots
about 0.8%. Some plants from Japan have yielded 5% essential oil. It contains
polysaccharide cycloartane glycoside fractions (astragalosides I-IV and trigonosides
I-III), four major isoflavonoids (formononetin, ononin, calycosin, and its glycoside)
and saponins. [8]

Adenandra fragrans: evergreen shrub
Common name: Buchu
Climatic conditions: Mediterranean
Uses:
Oil glands in the leaves give off a distinctive aroma; used as tea and for medicinal
purposes. [54, 58]
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Chemicals:
Leaves contain hesperidin; volatile oil (1.3–2%) deposits about 30% of crystalline
diosphenol. Other components include limonene, menthone, terpinene-4-ol and the
flavonoids, diosmin and rutin. [1]

Agathosma apiculata: densely leafy shrub
Common name: Honey buchu
Climatic conditions: Mediterranean
Uses:
Oil glands on the leaves and fruit release a sweet to strong fragrance when crushed.
The essential oil is used for manufacturing flavourings and perfume; oils in the leaves
are extracted and used to manufacture cosmetics, medicines, soap and food
colourants. A. betulina and A. crenulata are commercially used for oil extraction. [54,
58]

Chemicals:
The main phytochemicals in the essential oil are: l-beta-pinene (25%); n-butyl-1pentenyldisulfide- (30%); resin (7%) [52, 58]

Agathis australis: large, slow growing coniferous tree
Common name: Kauri
Climatic conditions: temperate; requires a mean temperature of 17°C or more for
most of the year
Uses:
Copal gum (semifossilised kauri resin) obtained by bleeding the tree is used for
varnish. The total carbon capture is up to nearly 1000 tonnes per hectare (t/ha). Kauri
timber is a popular wood for construction and shipbuilding, particularly for masts of
sailing ships because of its parallel grain and the absence of branches for much of its
height. Kauri is also a superb timber for building the hulls and decks of boats
because of its resistance to rot. Kauri crown and stump wood was much appreciated
for its beauty and was sought after for ornamental wood panelling and high-end
furniture. Bark of the kauri is thin and full of resinous oil. [59, 58]
Chemicals:
Gum treated by acid hydrolysis with sulfuric acid yields L-arabinose and D-galactose
in 1:4 molar ratio with traces of L-fucose. The components of aldobiouronic acid and
glucuronic acid are obtained by graded hydrolysis of degraded gum polysaccharide.
The derivatives of aldobiouronic acid were obtained as a methyl ester, methyl
glycoside. [59]
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Agave tequilana: succulent
Common name: Blue agave
Climatic conditions: temperate, Mediterranean
Uses:
Tequila is produced by removing the heart (piña) of the plant in its twelfth year.
Harvested piñas normally weigh 40–90kg. This heart is stripped of its leaves and
heated to remove the sap, followed by fermentation and distillation to produce tequila,
ethanol and biofuel. An Australian company, AusAgave, is trying to develop an
industry from blue agave and has signed an agreement with an international
company, Byogy, to advance agave as an aviation biofuels feedstock. [45, 52]
Chemicals:
Extracted carbohydrates contain fructose, glucose and disaccharides. The homoisoflavanones 5, 7-dihydroxy-3-(4-methoxybenzyl)-chroman-4-one, 7-hydroxy-3-(4hydroxybenzyl)-chroman-4-one and 4-demethyl-3, 9-dihydro-punctatin were isolated
from it. [8]

Anacardium humile: shrub related to cashews
Common name: Monkey nut
Climatic conditions: tropical
Uses:
Fruits are eaten and the nuts are roasted before consumption. The fruits are rich in
oil and essential oil from the leaves is used for insecticide. Cashew gum has good
bonding properties. Leaves could be a potential alternative for treating worm
infections in ruminants — the aqueous extract of leaves at 150mg/mL gave an
efficacy of 97.3% and the ethanolic extract at 80mg/mL gave an efficacy of 99.6% for
inhibiting the development of helminth larvae. [57, 52]
Chemicals:
Gum consists mainly of galactose, with tannins, flavenoids and alkaloids in the
leaves. [52]

Argania spinosa: medium-sized tree
Common name: Argan tree
Climatic conditions: semi-desert, Mediterranean
Uses:
The oil is used internally and externally and has been used for skin and
cardiovascular diseases and hypertension, as well as for its anti-inflammatory,
analgesic and cholesterol-lowering effects. The seed kernel produces argan oil; the
seed is roasted before the oil is expressed to eliminate saponins. While the nut is
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very bitter, the purified oil is as sweet as walnut oil and used in food and as flavouring.
The oilcake is a thick chocolate-coloured paste called ‘amlou’, which is sweetened
and served as a dip. The oil is also used for making hard yellowish soap and in
cosmetics. Kernels contain 30–55% oil at US$40–50 for 500 millilitres (mL). Fruit
yield per tree is 8–30kg per year and the tree starts bearing fruits when 5–6 year old;
maximum production is reached at 60 years old. The wood is amazingly
indestructible by insects and has been used in carpentry, charcoal and construction
for centuries. [59, 27]
Chemicals:
Two new oleanene saponins were isolated from the methyl alcohol extract of the
shell of A. spinosa. They possess protobassic acid and 16-alpha-protobassic acid as
aglycones. The disaccharide moiety linked to C-3 of the aglycon is made up of two
glucose units; the pentasaccharide moiety linked to C-28 is made up of arabinose,
xylose and three rhamnose units. Fatty acid composition of argan oil includes:
myristic 0–0.2%; pentadecanoic 0–0.1%; palmitic 11.7–14.3%; palmitoleic 0–0.2%;
heptadecanoic 0–0.1%; stearic 5–5.9%; oleic 45.2–48.1%; linoleic 31.5–34.9%;
linolenic 0–0.6%; nonadecenoic 0–0.1%; arachidic 0–0.4%; gadoleic 0–0.5%; and
behenic 0–0.1%.
The unsaponifiable matter composition (first reported in 1984) contains the following:
carotenes (37%), tocopherols (8%), triterpene alcohols (20%), sterols (20%), and
xantophylls (5%). The three major triterpene alcohols are butyrospermol (18.1%),
tirucallol (27.9%), and beta-amyrine (27.3%); the four minor are lupeol (7.1%), 24methylene cycloartanol (4.5%), citrostadienol (3.9%), and cycloeucalenol (less than
5%).
Argan oil is about two times richer in tocopherol than olive oil (620mg/kg versus
320mg/kg). The main tocopherol is by far alpha-tocopherol (69%), and beta- and
gamma-tocopherol are found in roughly equal proportions (16% and 13%,
respectively); delta-tocopherol is a minor component (2%). Beta-, gamma-, and deltatocopherol, known antioxidative agents, are probably responsible for the good
storage properties. Argan oil is less sensitive to oxidation and rancidity than olive oil.
This stability is attributed to the presence of tocopherols and polyphenols, such as
caffeic acid and oleuropeine. [8, 58]

Artocarpus elasticus: large tropical tree
Common name: Wild breadfruit tree, Pekalong, Kian
Climatic conditions: tropical
Uses:
The tree produces sticky latex used to make birdlime, glue used in trapping birds.
The fruits and seeds (roasted) are edible. Seeds also contain an oil used as hair oil.
The extract of leaves is used against roundworms. [54, 57, 59]
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Chemicals:
Leaves, fruit and bark contain saponins, polyphenols and flavonoids. New prenylated
flavonoids, artelastoheterol, artelasticinol, cycloartelastox–anthone,
artelastoxanthone and cycloartelastoxanthendiol were isolated from the root bark.
The previously known compound artonol-A exhibited cytotoxic activity against the
A549 human cancer cell line. Fractions from the wood of A. elasticus gave two
prenylated flavones — artelastinin and artelastofuran — in addition to artelasticin and
cyclocommunin. [52]

Astragalus gummifera: perennial herb/small shrub
Common name: Milk vetch
Climatic conditions: Summers hot and dry, winters are mild with a little rain
Uses:
The tree produces a natural gum, tragacanth, used in cosmetics and aromatherapy,
as well as a food stabiliser or thickener for ice cream. A yellow core in the centre of
the sweet-tasting black root is used as a medicinal substance. Widely known as an
energy tonic in China, Astragalus is fast becoming well known in Western cultures as
an immune strengthening agent. The roots are harvested in autumn from four-yearold plants and shipped worldwide. The latex is extracted by making an incision in the
trunk and branches of trees growing in the wild. It also produces particles at the
nanometre scale (100–200nm) that are used as an edible food coating. For example,
cucumber spoilage caused by mould decreases when cucumber is stored with this
coating and the shelf life also improves. [45, 54]
Chemicals:
A. gummifera produces cycloartane triterpene glycosides called astragalosides from
the roots, as well as a variety of polysaccharides like astragalen, and isoflavone
glycosides. The gum contains 70% tragacanthic acid or bassorin and the rest is Dgalacturonic acid and D-galactose, L-fucose, D-xylose, L-arabinose and L-rhamnose.
[8, 52]

Atriplex halimus: halophytic shrub
Common name: Mediterranean saltbush
Climatic conditions: Mediterranean
Uses:
The leaves are edible and the ash is used for making soap. Seeds are cooked and
ground into a meal and used as a thickener in soups, or mixed with cereals to make
bread. Shoots are burned to yield an antacid powder. [36, 45, 59]
Chemicals:
The accumulation of saponins and glycinebetaine by A. halimus might be exploited:
the saponins (as biosurfactants) are effective in removing trace elements from
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contaminated soils, while glycinebetaine, added as a feed supplement, can enhance
the nutrition and growth of monogastric animals. From leaves and twigs, four new
glycosylated flavonoids were isolated and their structures were elucidated as 3,5dimethoxymyricetin-3-O-beta-d-xylopyranosyl-7-O-fucopyranosyl--beta-dglucopyranoside, 3-methoxyquercetin-7-O-beta-d-fucopyranosyl--beta-dglucopyranosyl-3-O-beta-xylopyranosyl--beta-xylopyranoside, 3-methoxyquercetin-7O-alpha-l-rhamnopyranosyl-3-O-alpha-arabinofuranosyl-beta-d-glucopyranoside and
3,5-dimethoxymyricetin-7-O-fucopyranosyl-beta-d-glucopyranoside. Further analysis
on the extract revealed the presence of other myricetin, quercetin, isorhamnetin
glycosides, simple phenolic acids and esters. [52]

Backhousia citriodora: evergreen tree
Common name: lemon myrtle
Climatic conditions: subtropical
Uses:
Highly valued for their strong lemon flavour, the leaves and flowers used in tea
blends and beverages, dairy foods, biscuits, breads, confectionery, pasta, syrups,
liqueurs, flavoured oils, packaged fish (salmon), and dipping and simmer sauces. It
can also be used as a lemon flavour replacement in milk-based foods, such as
cheesecake, lemon flavoured ice cream and sorbet without the curdling problem
associated with lemon fruit acidity. The source of intensive lemon flavour is citral that
makes typically 95% of the steam-distilled lemon myrtle oil. The oil has the highest
citral purity, typically higher than lemongrass. It is considered to have a ‘cleaner and
sweeter’ aroma than lemongrass. The leaf is often used as dried flakes or in the form
of an encapsulated flavour essence for enhanced shelf life. Lemon myrtle essential
oil possesses antimicrobial properties and has potential as an antiseptic, as a surface
disinfectant and as an antimicrobial food additive. The oil is a popular ingredient in
health care and cleaning products, especially soap, lotions, skin-whitening
preparations and shampoo. [59, 60]
Chemicals:
Citral as an isolate in steam-distilled lemon myrtle oil is typically 90–98%, and oil
yield is 1–3% from fresh leaf. It is the highest natural source of citral. Citronellal is
uncommon and used as an insect repellent. [52, 31]
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Baptisia tinctoria: herbaceous perennial plant
Common name: Wild indigo
Climatic conditions: humid continental in the northern areas, to humid temperate in
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and
south Atlantic regions. The southern tip of Florida is tropical.
Uses:
Young shoots are cooked and used as an asparagus substitute but are toxic in large
quantities. A decoction of the roots is used as an antiseptic wash for wounds; dye is
obtained from leaves in low quantities; and it can be used as a fly repellent. [54, 52]
Chemicals:
Alkaloids include baptitoxine, otherwise known as baptisine (poisonous); glycosides:
baptisin (bitter and non-poisonous) and baptin (laxative and cathartic), as well as
glycoprotein and arabinogalctan-proteins. [8]

Bauhinia purpurea: small to medium deciduous tree
Common name: Orchid tree, Camel’s foot, Butterfly tree
Climatic conditions: temperate, tropical
Uses:
Bark of various bauhinia species contains considerable amounts of tannin widely
used in the leather industry in India. Medicinal uses of the bark can be largely
attributed to the presence of these tannins. Flavonoids are a common feature, with
seeds containing high amounts of linolenic and oleic fatty acids (15% of non-drying
oil) and low amounts of myristic and linolenic fatty acids. The tree also yields an
edible gum. [54, 59, 52]
Chemicals:
Chemicals extracted are: 5,6-dihydroxy-7-methoxyflavone 6-O-beta-Dxylopyranoside, bis (3,4-dihydroxy-6-methoxy-7,8-furano-5,6-mono-methylalloxy)-5C-5-biflavonyl and (4-hydroxy-7-methyl 3-C-alpha-L-rhamnopyranosyl)-5-C-5-(4hydroxy-7-methyl-3-C-alpha-D-glucopyranosyl) bioflavonoid, bibenzyls,
dibenzoxepins, mixture of phytol fatty esters, lutein, beta-sitosterol, isoquercitin and
astragalin. Gum is the source of B. purpurea agglutin, a lectin with an affinity to
galactose and lactose, widely applied in biochemical, immunochemical and
histochemical studies. [52]
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Bauhinia variegata: small to medium deciduous tree
Common name: Purple orchid tree
Climatic conditions: tropical, subtropical
Uses:
Leaves make good fodder and are eaten by sheep, goats and cattle. The average
annual fodder yield per tree is 15–20kg of dry matter. Leaves, flowers and flower
buds are eaten as vegetables. The tree yields a gum and the bark produces tannins
used in various shades of brown. Lipids: the seeds consist of 20% endocarp and
80% kernel. The seed yields 16.5% of pale yellow, fatty oil on extraction with
petroleum ether but only 6.1% in a hydraulic press (Al-Snafi 2008). [54, 59, 52]
Chemicals:
The tree contains terpenoids, flavonoids and tannins, saponins, reducing sugars,
steroids and cardiac glycosides. Non-woody aerial parts yield six flavonoids, namely
kaempferol, ombuin, kaempferol 7,4, dimethylether-3-o-beta-D-glucopyranoside,
kaempferol-3-O-beta-D-glucopyranoside, isorhamnetin-3-O-beta-D-glucopyranoside
and hesperidin together with one triterpene caffeate, 3-beta trans-(3,4
dihydroxycinnamoyloxy)olean-12-en-28-oic acid. The stem bark is reported to contain
5,7 dihydroxy and 5,7 dimethoxy flavanone-4-O, L rhamnopyrosyl-beta-Dglycopyranosides, Kaempferol-3-glucoside, lupeol and beta-sitosterol. Constituents
isolated from the leaves include lupeol, alkaloids, oil, fat glycoside, phenolics, lignin,
saponins, terpenoids, beta-sitosterol, tannins, kaempferol-3-glucoside, rutin,
quercetin, quercitrin, apigenin, apigenin-7-O-glucoside, amides, carbohydrates,
reducing sugars, protein, vitamin C, fibres, calcium and phosphorus. The
physiochemical characteristics of the oils for B. variegata: refractive index (40°C)
1.4589, iodine value 84.5, saponification values (mg of potassium hydroxide/g of oil)
191.3, peroxide value 1.9, and unsaponifiable matter 0.9%. The best extraction of the
leaves was with methanol (11.5%) and alcohol (17.6%), and the best extraction of
the bark was with methanol (13.2%) and alcohol (19%). [2]

Betula lenta: medium deciduous tree
Common name: Sweet birch, Black birch, Cherry birch, Mahogany birch or Spice
birch
Climatic conditions: humid continental in the northern areas, to humid temperate in
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and
south Atlantic regions
Uses:
B. lenta was used commercially in the past for producing the herb oil of wintergreen.
The sap flows about a month later than maple sap and much faster. The trees can be
tapped in a similar fashion, but must be gathered about three times more often. Like
maple sap, birch sap can be boiled, but its syrup is stronger (like molasses). Sweet
birch is used for furniture, cabinets, boxes, woodenware, tool handles and millwork,
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such as interior finish and flush doors. Paper pulp made from sweet birch is used in
various amounts with other pulps to produce products such as boxboards, book and
newsprint paper, paper towelling and corrugated paper. Birch oil has been produced
commercially from sweet birch bark, but its use has declined with the introduction of
synthetic products. Around 100 saplings and young trees are needed to produce a
litre of the product, which was used to flavour candy and medicines. Sweet birch
essential oil continues to be among the rarest oils on the market today. A variety of
beer is made from birch bark and the wood is used by cabinetmakers. The oil distilled
from the wood is an insecticide and fungicide and used to preserve furs, as an
ingredient in cosmetic shampoos, in the sugar industry for flavouring and in
perfumery. Birch tar oil, distilled from the wood and bark, is used to treat eczema,
psoriasis and other skin diseases. Most sources indicate that birch oil, which
replaced wintergreen oil, has been largely replaced by synthetic methyl salicylate.
Salicylic acid is now synthesised and selling at $2.50 to $3 per kilogram. Salicylic
acid is used as a coupling agent dye intermediates, in the foundry industry as a
curing agent in the production of shell moulding compounds, as an agent for
retarding the vulcanisation process in rubber, as a preservative for glues and leather
goods and in alkyl/alkyd resins and latex paints. Birch seed is collected by picking or
stripping the cones while they are still green (to prevent shattering). Ripe cones, on
the other hand, are placed in bags to prevent loss of seed (Hill 2014). [7, 54, 59]
Chemicals:
An organic ester, methyl salicylate makes up 90% of the oil and gives sweet birch oil
its renowned analgesic properties. Per 100g, the leaves are reported to contain, on a
zero-moisture basis, 28.1g protein, 8.6g fat, 55.6g total carbohydrate, 16.9g fibre,
and 7.7g ash; 3% mono-tropitoside salicylic acid primvercoside, gaultherin and 0.23–
0.6% essential oil, 99.8% of which is methyl salicylate. Buds produce 4–6% essential
oil containing betulol. [52]

Bixa orellana: shrub or small tree
Common name: Lipstick tree
Climatic conditions: tropical
Uses:
The inedible fruit harvested for its seeds, contains annatto. Annatto colourant and
condiment from the red seed are used for traditional dishes such as cochinita pibil,
rice, chicken in achiote and caldo de olla. It is also used to add colour to butter,
cheese, popcorn, drinks and breads. Achiote is a distinctly coloured and flavoured
mainstay of Mexican and Belizean cuisine. The paste dissolved in lemon juice, water,
oil or vinegar to create a marinade can also be used to treat microbial infection. The
main carotenoid detected in annatto seeds is bixin, soluble in fats but not in water.
Achiote is one of the natural colourants (as well as paprika, curcuma and
anthocyanin) whose use has been considered safer for human consumption then
synthetic dyes, as well as economically advantageous for these industries. The
seeds are ground and used as a subtly flavoured and colourful additive in Latin
American, Jamaican, Chamorro and Filipino cuisine. Annatto is growing in popularity
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as a natural alternative to synthetic food colouring compounds. While it has a distinct
flavour of its own, it can be used to colour and flavour rice instead of the much more
expensive saffron. The achiote has long been used by American Indians to make
body paint, especially for the lips. Natto, obtained from the oily arils of the seeds, is
the world’s second most important (after caramel) natural dye, yielding yellow to red
colours. The colours produced by several apocarotenoides may reach up to 7% of
the seed’s dry mass. Bark from the branches of the trees yields a water-soluble gum.
Seeds contain characteristic pleasant-smelling oil. A waxy substance that has
paralytic action on mammalian intestinal parasites is present in the seed coat. Bixin
extracted from the seed coat is used in India as an insect repellent. Yields, after four
years, can pass 2t/ha with 0.9–6.9% (average about 2.5%) bixin covering the seeds
in a sticky resin. [54, 52]
Chemicals:
Extracted from leaves, a bioactive sesquiterpene from achiote exhibited moderate
antifungal activity. Bixin, a red-coloured carotenoid, is the pigment present in high
concentration in the annatto seed aril. The major oily constituent of annatto seeds is
geranyl geraniol, representing 1% of dry seeds. Norbixin is a demethylated derivative
of bixin and, although it is a naturally occurring compound, it is usually referred to as
a saponification product of bixin. This is the form used for commercial purposes.
Chemical compounds identified in aqueous and organic extracts are bornyl acetate,
alpha-caryophyllene, copaene, alpha-cubebene, (+)-cyclosativene, geranyl phenyl
acetate, 1-heptanetiol, 3-methylpyridine, 4-methylpyridine gamma-elemene, betahumulene, isoledene, beta-pinene, seline-6-en-4-ol, delta-selinene, (−)-spathulenol,
and (+)-ylangene). Carotenoid cleavage dioxygenases are a class of enzymes
involved in the biosynthesis of a broad diversity of secondary metabolites known as
apocarotenoids, a type of organic compound widely occurring in living organisms as
Bixa orellana. Examples of apocarotenoids include vitamin A retinoids retinal, retinoic
acid, retinol and lastly the plant hormone abscisic acid. Abscisic acid owes its name
to its role in the abscission of plant leaves, but plays a very important role in many
other plant developmental processes, such as inhibition of fruit ripening, and is also
the source of new drugs against inflammatory diseases, such as influenza. The leaf
extracts of achiote (B. orellana) also showed maximum activity against Bacillus
pumilus. The insides of the pods are used to treat skin diseases in dogs. [8]

Boronia megastigma: shrub
Common name: Brown boronia
Climatic conditions: Mediterranean
Uses:
The oil is used in perfumes and as a food additive that enhances fruit flavours. In
Tasmania, the production of an essential oil from clonal selections has been
developed, with commercial production from plantations not meeting demand.
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Concrete and absolute 1 are produced by steam distillation. The concrete appears to
be a dark green, butter-like product that has a pleasant, warm, woodsy-sweet odour.
Absolute is a green dense liquid with a fresh fruity and spicy aroma with a floral
nuance. Boronia absolute is extracted from blossoms primarily for use as a food
additive, creating blackcurrant flavour and to enrich other fruit flavours in beverages,
ice creams, candy and baked products. [32, 54]
Chemicals:
The two main aroma compounds of the oil are β-ionone and dodecyl acetate. Five
apocarotenoids identified were hydroxy-apo-10-carotenoic acid, methyl hydroxy-apo10-carotenoate, apo-10-carotenoic acid, apo-10-carotenal and methyl apo-10'carotenoate. The main constituents in absolute are beta-ionone, heptadec-8-ene, 8hydroxylinalyl esters, methyl-4-(geranyloxy) cinnamates, methyl-4-(5hydroxygeranyloxy) cinnamates, N-2-4-prenyloxyphenyl ethyltiglamide and 3hydroxymegastigm-7-en-9-one. Essential oil of mature fruit was found to contain the
following compounds: alpha-pinene 418μg/g, beta-pinene 165μg/g, limonene
1,769μg/g, beta-ionone 14μg/g and dodecyl acetate 5μg/g. Lysigenous glands were
found to be the main volatile oil-secreting organs and are found in all plant tissues
except the stigma and androecium. These glands were the main sources of
monoterpenes, α-pinene, β-pinene and limonene. [8]

Boswellia serrata: medium to large deciduous tree
Common name: Indian frankincense
Climatic conditions: tropical
Uses:
The plant yields fragrant gums or resins that are burned as incense. It is a potent
analgesic and anti-inflammatory. The oleo gum resin is tapped by shaving off a thin
band of bark about 20cm wide and 30cm long, at a height of 15cm from the base of
the tree. A resin or ‘sap’ seeps from openings in the bark and is sometimes burned
as an aromatic. The entire species of Boswellia is commonly known as frankincense.
A mature tree yields about 1–1.5kg of gum per year. The fixed oil is usually pale
yellow in colour and has an agreeable odour. Essential oil is obtained by steam
distillation, with yield up to 16% oleo gum resin. The oleo gum resin is scraped off
and collected in a circular tray placed around the trunk. It is collected in a semisolid

1

The substances extracted during the solvent extraction method are placed in a distillation
vessel and gentle heat is applied. This heat is just enough to recover the solvent still in the
mixture and no volatile constituents of the oil are driven off. After the solvent has been
removed, a near-solid wax-like substance called a 'concrete' is left. An absolute is made
by melting a concrete by warming with some alcohol and then stirring it. The alcohol
mixture is distilled in a vacuum to remove the alcohol and the remaining substance is an
'absolute'. An absolute is the most concentrated form of fragrance (and the most costly),
and is mostly used in the perfume industry.
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state and the vegetable impurities are removed manually. The fluid portion containing
the volatile oil is collected and used in paints and varnishes. The remaining semisolid
to solid part is mainly gum resin, which is thoroughly dried and sometimes treated
with soapstone powder to make it brittle. It is then broken into small pieces, cleaned
and graded for marketing. [,10, 36, 57]
Chemicals:
Boswellic acid and other pentacyclic triterpene acids are present. beta-boswellic acid
is the major constituent, with alpha-thujene (50%), alpha- and beta-pinenes reported
as the main constituents of the oil. The gum contains a volatile oil (8–9%), resin (55–
57%) and gum (20–23%). [32]

Butea monosperma: medium tree
Common name: Flame of the forest, Bastard teak
Climatic conditions: tropical, subtropical
Uses:
The tree has uses as timber, resin, fodder, medicine, dyes and as host to the lac
insect (Laccifer lacca), which produces natural lacquer. A red exudate obtained from
the bark, hardens into a gum known as ‘butea gum’ or ‘Bengal kino’. It can be used
as a dye and as tannin. A bright yellow to deep orange-red dye, known as butein, can
be prepared from the flowers and is used especially for dyeing silk and sometimes
cotton. The bark is used for tanning. The seeds yield clear oil and show bactericidal
and fungicidal activity. [36, 59]
Chemicals:
Lavonoid glucosides are present — in particular, butrin and isobutrin, coreopsin,
isocoreopsin and sulfurein. The main phytoconstituents in the flowers are butrin
(1.5%), butein (0.37%) and butin (0.04%). Leaves contain lucoside. Kino-oil contains
oleic and linoleic acid, palmitic and lignoceric acid. The plant contains kino-tannic
acid, gallic acid, pyrocatechin and palasitrin. The seeds contain oil, proteolytic and
lypolytic enzymes, plant proteinase and polypeptidase, a nitrogenous acidic
compound, along with palasonin. It also contains monospermoside (butein 3−Dglucoside) and somonospermosid. The main fatty acids are palmitic (19.3%), behenic
(14%), linoleic (27.8%) and oleic (21.8%). [52]

Catharanthus roseus: subshrub or herb
Common name: Madagascar periwinkle
Climatic conditions: subtropical, tropical
Uses:
The phytochemicals have anticancer effects and the herb is traditionally used to treat
diabetes. Commercially grown in Texas and India, the bitter and astringent leaves
are used as a vomitive and roots as purgative and anthelmintic. Average yield is 3.5–
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4.5t/ha of fresh herb, or 1–1.5t/ha of dried herb. Under irrigation conditions, 1.5t/ha of
roots, 1.5t/ha of stems and 3t/ha of leaves can be obtained. [43, 52]
Chemicals:
Rosinidin is an anthocyanidin pigment found in the flowers, as well as alkaloids like
ajamalicine, serpentine and reserpine. The root bark contains the alkaloid alstonine
that has been used traditionally for its calming effect and its ability to reduce blood
pressure. Leaf extract contains vindoline, vindolidine, vindolicine and vindolinine. [8,
4]

Calycanthus floridus: deciduous shrub
Common name: Carolina allspice, eastern sweetshrub
Climatic conditions: Humid continental in the northern areas to humid temperate in
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and
south Atlantic regions. The southern tip of Florida is tropical.
Uses:
The bark has a strong camphor smell released when stems are scraped. The smell
remains strong on twigs that have been stored for several years in a dry environment.
The scent of the flower has been compared to bubble gum. Calycanthus oil, distilled
from the flowers, is an essential oil used in some quality perfumes. Leaves contain
small quantities of camphor. They can be used as an insect repellent, perfume and
disinfectant. The fruits are reportedly poisonous to sheep. The aromatic bark is dried
and used as a substitute for cinnamon, although some caution is advised. Infusions
of the bark have been used to treat urinary problems. [59, 52]
Chemicals:
Calycanthus contains calycanthine, an alkaloid similar to strychnine, which is toxic to
humans and livestock. The essential oil obtained by hydrodistillation of leaves
contains 93.4% of leaf oil, containing pregeijerene B (18.3%), isobornyl 2-methyl
butanoate (15.3%), bornyl acetate (14.8%), elemodiol (14.4%) and camphene
(10.3%). Stems contain seven monoterpene hydrocarbons (26.3%), eight
oxygenated monoterpenes (56%), two sesquiterpene hydrocarbons (0.8%), and
three oxygenated sesquiterpenes (10.8%). [19]

Caryocar glabrum: large tree
Common name: Soapwood, piquirana
Climatic conditions: wet tropical
Uses:
Soapwood is used for treating skin problems. The interior of the fruit contains an
edible almond cream, while the tasty kernels are rich in oil. The oil of the almond,
which is similar to the flavour hazelnut, is consumed raw and is called ‘sebum Piquiá’
and ‘tallow piqui’. The dried seeds can be fried in oil, adding salt or sugar. The wood
is used for boat construction and the epicarp of fruit as fish poison. The seed oil has
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potential for cosmetic use because of its chemical composition. The plant is used to
wash clothes and hair because of the presence of the saponin sheets. The fruit has
thorns in the endocarp, making it tough to handle. [36, 59, 52]
Chemicals:
Fruits contain triterpenoid saponins: aryocarosides, glycosides of 2-betahydroxyoleanolic acid, hederagenin, bayogenin and gypsogenic acid. The stem bark
contains glucosides. These compounds represent the first members of a new
biogenetic pathway for the isocoumarins nucleus involving shikimate derived A-ring
(gallic acid) coupling with a phenyl propanoid derivative. Isocoumarins display a very
wide range of biological activities including antifungal, antiviral, antimicrobial,
antimalarial, phytotoxic, diuretic, antihypertensive, antitumoural and antileukemic
activities. [13]

Ceratonia siliqua: evergreen shrub or tree
Common name: Carob tree
Climatic conditions: warm temperate, Mediterranean and subtropical areas, tolerates
hot and humid coastal areas and drought
Uses:
The ripe dried pod is often ground to carob powder, which is used as a substitute for
cocoa powder. Carob is rich in sugars — sucrose 531g/kg dry weight for cultivated
varieties and 437g/kg in wild type varieties. It is used as animal feed and locust bean
gum, which is a food-thickening agent. The carob products most widely used,
especially in the food industry, are carob bean gum and locust bean gum. This gum
comes from the seed endosperm and chemically is a polysaccharide, a
galactomannan. One hundred kilograms of seeds yields 20kg on average of pure dry
gum. The mucilaginous gum, known as ‘tragasol’, is used in a wide range of
commercial products as a thickener, stabiliser, binder and gelling or dispersal agent.
The food industry uses carob bean gum for producing a large number of different
commodities, such as ice cream, soups, sauces, cheese, fruit pies, canned meats,
confectionery, bakery products and pet foods. Technical applications of CBG include
cosmetics, pharmaceuticals, film emulsions, paints, polishes, ceramics and
adhesives. Pulp extracted and purified produces sugar and molasses. Powdered
pulp is used as a food ingredient and cocoa substitute and for preparing dietary
products. Carob powder consists of 46% sugar, 7% protein and small amounts of
numerous minerals and vitamins and is thus quite nutritious. Carob ‘cocoa’ has an
advantage over chocolate in that it has fewer calories and neither caffeine nor
theobromine. Ripe carob pods contain large amounts of condensed tannins (16–20%
of dry weight). High sugar content and its relatively low cost have made carob pulp
among the earliest horticultural crops used for producing industrial alcohol through
fermentation. Flour is made from the seedpods and is used in the cosmetic industry
to make facemasks. Tannin is obtained from the bark. The wood is hard, lustrous and
highly valued by turners. [27, 54, 52]
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Chemicals:
Carob pod meal contains high levels of carbohydrates (45%), protein (3%), and low
levels of fat (0.6%). Carob pods contain a mean value of 19mg of total polyphenols
per gram, 2.75mg of condensed tannins (proanthocyanidins) per gram, and 0.95mg
of hydrolysable tannins (gallo- and ellagitannins) per gram. Germ contains higher
concentrations of total polyphenols (40.8mg per gram) and tannins (16.2mg of
condensed tannins/g and 2.98mg of hydrolysable tannins per gram) while only traces
of these compounds were detected in carob seed. Dried powder contains 8% cyclitol.
Sucrose, fructose and glucose content of the dried pod are 40–50%. Pinitol (5–7.5%)
was also extracted. [8, 45]

Chimaphila umbellata: small perennial flowering plant
Common name: Pipsissewa
Climatic conditions: cool temperate
Uses:
The leaves are edible and used as a condiment, tea and flavouring in root beer
candy and soft drinks. In Mexico, the herb is used in preparing ‘navaitai’, an alcoholic
beverage produced from sprouted maize. A tea can be made from an infusion of the
stems and roots. The plant is used in perfumery because of its delicate scent. [52, 8]
Chemicals:
This flowering plant contains chimaphilin, a 2, 7-dimethyl-1, 4-naphthoquinone.
Several alkylated benzohydroquinones have been reported, including the
antimicrobial toluquinol and the glycoside renifolin. Simple phenols, including methyl
salicylate and salicylic acid methyl ester, give the leaves a slight wintergreen-like
odour when rubbed. Phenolic glycosides include arbutin and isohomoarbutin. Leaves
contain tannins (4–5%), including hydrolysable and condensed tannins such as
epicatechin gallate and quercetin. Leaves and flowers are rich in other flavonoids,
including hyperoside, kaempferol and avicularin, triterpenes taraxerol and ursolic acid,
and hydrocarbons, nonacosane and hentriacontane. [21]

Chrozophora tinctoria: perennial herb or undershrub
Common name: Dyer’s croton, Turnsole
Climatic conditions: Mediterranean
Uses:
The plant produces the blue-purple colourant ‘turnsole’ used in medieval manuscripts,
as a food colourant and traditionally used for treating warts. Edible red and blue dyes
are obtained from the flowers, fruit and sap. Extracts from the stem, root, leaf and
inflorescence had allelopathic effects on weed seeds. [52]
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Chemicals:
Methanol extract of the aerial parts yielded flavonoid glycosides quercetin 3-Orutinoside (rutin, acacetin 7-O-rutinoside), apigenin 7-O-b-D-((6-p-coumaroyl)glucopyranoside, apigenin 7-O-b-D-glucopyranoside and apigenin 7-O-b-D-(6-(3, 4dihydroxybenzoyl)-glucopyranoside ( chrozophorin). [20]

Cistus albidus: perennial shrub
Common name: Rockrose
Climatic conditions: Mediterranean
Uses:
The leaves are used as a tea substitute. The dried leaves are sometimes used as an
ingredient for marjoram. It emits volatile oils, rendering the plants flammable. [59, 52]
Chemicals:
Leaves contain an oleoresin with α-zingiberene as the main constituent. [5]

Cistus ladanifer: perennial shrub
Common name: Labdanum
Climatic conditions: Mediterranean
Uses:
The whole plant is covered with the sticky exudate of a fragrant resin — gum cistus
— scraped from the leaves. The leaves yield a fragrant oleoresin known as
labdanum, used in perfumes and especially as a fixative. The plant product most
closely resembles ambergris obtained from whales and has insecticidal properties.
[54, 59, 52]

Chemicals:
The main components are α-pinene (39%), viridiflorol (11.8%), ledol (3.3%) and
bornyl acetate (3.1%). The essential oil contains cyclosativene, γ-cadinene, (E)-βfarnesene and β-eudesmol. Three new diterpenic acids have been isolated: 6,8
labdadien-15-oic, 7-oxo-8-labden-15-oic and 6β-acetoxy-7-oxo-8-labden-15-oic acids,
beside labdanolic, 6-oxocativic,7α-hydroxy-8-labden-15-oic, 8α-methoxy-labda-15-oic
and 8α-hydroxy-13(E)-labden-15-oic acids. [45]

Colubrina asiatica: vine but can flower and fruit as a shrub
Common name: Latherleaf
Climatic conditions: tropical and subtropical Australia
Uses:
The plant has medicinal properties, with the leaves forming a lather when crushed
and when added to water used as soap. The fruit is used as fish poison. Saponins
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from the leaves inhibit spontaneous motility of mice and show an antagonistic effect
on amphetamine and a synergistic activity on chlordiazepoxide. It can be invasive if
out of place in the tropics and is native to the East Kimberley. [32, 59, 52]
Chemicals:
The bark yields saponin. Plant extracts yield alkaloids, flavonoids, unsaturated sterol
and triterpene, steroid glycoside, anthraquinone, saponin, tannin and phenols.
Leaves yielded two saponins: jujubogenin-3-O-(2-O-acetyl-3-O-(3-O-beta-Dxylopyranosyl-4-O-acetyl-beta-D-glucopyranosyl)-alpha-L-arabinoside)
(colubrinoside) and jujubogenin-3-O-(2-O-acetyl-3-O-(2-O-beta-D-xylopyranosylbeta-D-glucopyranosyl)-alpha-L-arabinoside) (colubrin). Chlorogenic acids were the
other main components. Leaves also contain kaempferol, 3-O-rutinoside and rutin.
[22]

Combretum erythrophyllum: hardy, medium to large tree
Common name: Hiccup nut
Climatic conditions: savanna
Uses:
The roots are used as a deworming remedy for dogs. Gum exuded by the plant
contains a substance that prevents hot glue from setting while it cools. Application of
leaf extracts against two foodborne pathogens resulted in a general trend of
increasing the percentage inhibition while simultaneously enhancing the metabolic
activity of the biofilm; active compounds present in the plant extracts are able to
disrupt the integrity of the microbial cell wall, leading to growth inhibition of the
microbial population. [59, 52]
Chemicals:
The flavonoids apigenin, kaempferol and genkwanin are present in the leaves.
Extracts have been tested for their potential value as antimicrobial agents for the
control of listeria and candida biofilms. [48]

Commiphora myrrha: small, thorny shrub or tree
Common name: Myrrh
Climatic conditions: savanna, desert
Uses:
Myrrh resin is a natural gum. It has been used throughout history as a perfume,
incense and medicine. When a tree wound penetrates through the bark and into the
sapwood, the tree produces the resin. Myrrh aloe gums effectively improve glucose
tolerance in normal and diabetic rats and produce analgesic effects on mice
subjected to pain. Myrrh has been shown to lower cholesterol low density lipoprotein
levels, as well as to increase the high density lipoprotein (good cholesterol). Myrrh is
used as an antiseptic in mouthwashes, gargles and toothpastes and toothpowders.

57

Renewable chemicals and bioproducts
Research data indicates the extract killed all of the cancer cells in laboratory dishes.
It is toxic to goats. [10, 59, 52]
Chemicals:
The main chemical components of myrrh oil are α-pinene, cadinene, limonene,
cuminaldehyde, eugenol, m-cresol, heerabolene, acetic acid, formic acid and other
sesquiterpenes and acids. The plant yields up to 17% volatile oil (including m-cresol,
eugenol, formic acid, acetic acid and heerabolone); up to 40% resin (including
commiphoric acids); up to 60% gums and bitter principle. The oil is thick, pale yellow
and contains myrrholic acid and heerabolene, a sesquiterpenene. C-6 oxygenated
furanosesquiterpenoids 1-4 originate from adulterant resins such as C. sphaerocarpa,
C. holtziana and C. kataf. The six main characteristic compounds of myrrh have been
identified as furanoeudesma-1, 3-diene, lindestrene, furanodiene, 2methoxyfuranodiene, and 2-acetoxyfuranodiene and isofuranogermacrene (synonym:
curzerene). [25]

Commiphora schimperi: xerophytic shrub
Common name: Glossy-leaved corkwood
Climatic conditions: dry tropical, subtropical
Uses:
A decoction made from the bark is used to treat children with diarrhoea. Propagation
is by seed or stem cuttings. It was used by the Pedi people of Africa for making fire
sticks. Roots of young plants are chewed because of their juicy sweet taste and to
quench thirst. Gum resin was found to be a good surfactant that could be used in
detergent manufacture because of its foaming characteristics. Gum extract from the
gum resin exudate contains myrrh resin (25–40%), essential oil (3–8%), and bitter
principles. The bark peels off in small, yellowish, papery flakes. Dried resins are
fragrant and have been used as a fragrance and for medicinal purposes. [10, 59]
Chemicals:
The plant contains a flavonol kaempferol, as well as myrrh. [25]

Copaifera langsdorffii: large tree
Common name: Diesel tree, Kerosene tree
Climatic conditions: tropical
Uses:
The wood is light because of its porosity and is honeycombed with capillaries filled
with oil. Tapping the tree involves cutting a well into which the oil seeps and where it
can be easily collected. Despite its vigorous production of oil, the tree does not grow
well outside of the tropics and does not show promise as a reliable source of
biodiesel in temperate climates. [59, 52]
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Chemicals:
The main compound in the oil is copaiba, an oleoresin that is useful in producing oil
products, such as lacquers, and as biodiesel. The tree is also the source of copaene
(from wood and foliage), which is another terpene. One tree can produce from 1 litre
to 53 litres of hydrocarbons per year (Navie & Csurhes 2010). The oil contains betaCaryophyllene (53.3%) — with a chemical structure closest to napthene —
Germacrene B (8.7%) and 6.5% beta-Selinene (from wood and foliage). The oil
contains mainly oleic acid (33%) and linoleic acid (45%). [8]

Couma utilis: large tree
Common name: milk tree, sorva
Climatic conditions: tropical
Uses:
All parts of the plant are rich in white and sweet latex. The fruit is edible and the latex,
especially latex tapped from the trunk, is used in chewing gum (substitute for chicle
gum), varnishes and paints. Bark cuts produce the latex. The fruits can be consumed
when the rind takes a dark colouration and the pulp gets a smooth consistency. At
this point, the presence of latex is at the minimum. The latex, diluted in water, makes
an excellent drink known as sorva (Brazil), juansoco (Colombia), or leche caspi
(Peru), and often substituted for dairy milk in coffee. The tree flowers after three
years, yields 40kg fruit/ tree/year and 15t/ha at a density of 400 plants/ha. [59, 52]
Chemicals:
Seeds consist mainly of polysaccharides, glycoproteins and triacylglycerides. [8]

Crambe abyssinica: oilseed annual
Common name: Crambe
Climatic conditions: Mediterranean
Uses:
The oil is used as an industrial lubricant, a corrosion inhibitor and as an ingredient in
the manufacture of synthetic rubber and biodiesel. It can also be used in surfactants,
slip and coating agents. Crambe should be grown in isolation to canola to minimise
contamination. Yields vary with reports of 1200–2000kg/ha. The global market for the
oil is estimated to be 53 000t (equating to over 300 000t of crambe seed). Crambe is
a low input crop. Other products include heat transfer fluids, cosmetics, polyesters,
plastics and nylons. In the Victorian Mallee, oil content of the grain varied from 36–
43%. [59, 8]
Chemicals:
Inedible seed oil, extracted from the seeds, consists of 55–60% erucic acid.
Intermediate product derived from high erucic acid oil include triglycerides,
erucamides, amines, behenic acid, erucyl alcohol, behenyl alcohol, wax esters, fatty
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acids, brassylic acid and pelargonic acid. Erucic acid and its derivatives, erucamide
and behenylamin, are used in plastics, foam suppressants and lubricants. Potentially,
the oil could be hydrogenated to yield a hard wax that could be used in cosmetics
and candles. Oxidative ozonolysis of erucic acid yields brassylic acid and pelargonic
acid. Brassylic acid can be transformed into a liquid wax for use in high-pressure
lubricants (Cole 1976). [8]

Curcuma amada: perennial herb
Common name: Mango ginger
Climatic conditions: tropical
Uses:
Rhizomes look like ginger, taste like raw mango and it are closely related to turmeric.
Another product is cut flowers. The rhizomes are used for preparing pickles, chutney,
preserve, candy, sauce and salad and in meat and other culinary preparations. They
have excellent medicinal properties, inhibiting H+/K+-ATPase and Helicobacter pylori
growth. [52]
Chemicals:
Major chemical components are starch, phenolic acids (cafeic 26%, getisic 24%,
ferulic 20%, gallic 10% and cinnamic 7%), ocimene, volatile oils, curcuminoids and
terpenoids like difurocumenonol, amadannulen and amadaldehyde. Difurocumenonol
is a novel antibacterial compound that was successfully isolated and characterised
from mango ginger rhizome. The two major components of the oil are beta-myrcene
(63.85%) and alpha-asarone (30.27%). The rhizomes also contain mangiferin, a
bioactive compound having potent nutraceutical, strong antioxidant and
pharmacological significance. [56]

Cymbopogon martinii: perennial grass
Common name: Palmarosa grass
Climatic conditions: tropical
Uses:
This grass is cultivated in India for its oil and used in the cosmetics and perfume
industry. It produces 0.7% w/w (weight-by-weight) oil per green base and used as a
flavouring agent. Palmarosa oil has been shown to be an effective insect repellent
when applied to stored grain, an anthelmintic against nematodes, an antifungal
medication and mosquito repellent. [54, 59]
Chemicals:
The oil contains 80–90% geraniol. Essential oil yield and concentrations of linalool,
alpha-terpineol, geranyl isobutyrate and geraniol are relatively higher in the essential
oils of mature, older leaves. Essential oil recovery and percentages of myrcene, betacaryophyllene, geranyl acetate, farnesol and geranyl hexanoate, were higher in the
essential oils of young, expanding leaves. [12]
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Duboisia hopwoodii: shrub
Common name: pituri, emu poison
Climatic conditions:
Uses: Arid
Emu poison is native to the arid interior region of Australia. It is traditionally used as
chewing tobacco, but is toxic to horses, goats, sheep and camels. [6, 59]
Chemicals:
Tropane alkaloids in roots are pyndmealkaloid. Root material contains nor-nicotine,
hyoscyamine, myosmine and N-formylnornicotine, cotinine and N-acetylnornicotine.
The leaves contain nicotine (3.3%), nor-nicotine, hyoscyamine and scopolamine
(used in various medicinal drug preparations). [30]

Duboisia leichhardtii: small, perennial shrub or tree
Common name: corkwood tree
Climatic conditions: dry temperate
Uses:
About 90% of the world’s production of alkaloids from this shrub comes from the
south Burnett Region in southeast Queensland. [6]
Chemicals:
This shrub contains a high concentration of the tropane alkaloids (5%), scopolamine
(6–46%) and hyoscyamine (10–80%) and is a source of atropine and hyoscine. [23]

Eucalyptus dives: small tree
Common name: Broadleaf peppermint
Climatic conditions: dry temperate
Uses:
Extracts from leaves are used in the flotation process for separating metallic sulfides
from ore. The oil yield is high at 4.7% of the leaf fresh weight. Piperitone is used in
producing synthetic menthol and as flavouring in black tea. Phellandrene-rich oils are
excellent paint removers and solvents for grease, fats and oils. It was harvested
commercially in the past. [10, 59]
Chemicals:
The oil contains cineole, phellandrene and piperitone. [49]
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Eucalyptus macarthurii: small tree
Common name: Camden woolybutt
Climatic conditions: temperate, subtropical
Uses:
Leaves produce fragrant oil that in the past was harvested commercially. This oil is
sweet, fruity and rosy, with undertones of spiced wood. It is one of the few eucalyptus
oils used exclusively in perfumery. The plant is also used for pulp and paper
production. [59]
Chemicals:
Oil containing geranyl acetate is extracted from the bark and leaves. [49]

Eucalyptus phellandra: small tree
Common name: Narrow-leaf peppermint
Climatic conditions: temperate
Uses:
Leaf extracts are used in the flotation process for separating metallic sulfides from
ore. Phellandrene-rich oils are excellent paint removers and solvents for grease, fats
and oils. [32]
Chemicals:
The oil contains phellandrene and piperitone. [49]

Eucalyptus polybractea: small, multi-trunked sclerophyll tree
Common name: Blue-leaved mallee
Climatic conditions: temperate
Uses:
The mallee form, regenerative ability and high oil content make it a very suitable
species for harvesting in natural stands. Leaves are used to produce eucalyptus oil
with very high levels of cineole (up to 91%), yielding 0.7–5% fresh weight overall. The
oil is primarily used medicinally and for flavouring (McMahon et al. 2010). [10, 59]
Chemicals:
The oil contains mainly cineole. [49]
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Other eucalypts [32, 49]
E. kochii and E. horistes: Essential oils contain monoterpene cineole.
E. astringens: Brown mallet
Bark contains up to 40%-condensed tannins used for tanning leather and
manufacturing adhesives. The timber is good for general construction, tool handles
and mining timber.

Exocarpos cupressiformis: small semiparasitic tree
Common name: Bush cherry
Climatic conditions: temperate
Uses:
The edible fruit — actually a nut containing the seed, like the acorn — is found on the
outside of the fleshy false ‘fruit’, which is actually the stalk. It makes excellent
furniture timber. Leaves are toxic to animals and used to create a smoke for repelling
insects. The acetylenic fatty acid promotes antibacterial, antifungal, antiparasitic and
antitumoural activities. It interferes with the metabolism of lipids and fatty acids by
inhibiting cyclo-oxygenase and lipoxygenase enzymes. [52]
Chemicals:
It contains acetylenic fatty acid and wyeronic acid, the most abundant of the unusual
fatty acids. [49]

Ferula communis: tall herbaceous perennial
Common name: Giant fennel
Climatic conditions: Mediterranean
Uses:
The leaves and gum are edible. A gum, ‘Gum Ammoniac’, obtained by notching the
root, is used as incense and has medicinal value. The stems are used in furniture
making. The dried pith used as tinder burns very slowly inside the stem and can be
carried from one place to another. [27, 54, 59]
Chemicals:
It contains a phenolic compound, ferulic acid, as well as coumarins and daucane
sesquiterpenes, with its most important characteristic the synthesising of 4hydroxycoumarins. Analysis of the inflorescence oil of the giant fennel; growing wild
in Corsica; identified 46 components representing 96.3% of the amount of the
inflorescence oil. The main constituents were myrcene (53.5%), limonene (6.9%) and
alpha-pinene (6.6%). Several sesquiterpernes were present at an reasonable levels:
aristolene (8.5%), farnesol (4.3%) and gurjunene (1.4%). The oil obtained from the
spike has a similar qualitative composition; however, it differs quantitatively, with the
major components being aristolene (70%) and myrcene (9.3%). The occurrence of
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sesquiterpenes and the lack of monoterpenes characterises the root oil. Man and all
animal species are sensitive to F. communis toxicity. Monoterpenes with α-pinene
(35.2–40.6%) are the dominant component of the essential oils. [14]

Ferula tingitana: perennial herb
Common name: Giant Tangier fennel
Climatic conditions: Mediterranean
Uses:
This herb is used as an insecticide. The root is an important source of medical gum
resin ammoniacum. [54, 58]
Chemicals:
A new sesquiterpene ester, tingitanol, is assigned as 1-beta, 3-beta-dihydroxy-4alpha, 8-alpha-diangeloyloxydauc-5-ene. Gum resin from the plant is called silphion.
Roots contain the same compounds as resin: sesquiterpenes as well as aromatic
ketone, latifolon. [39]

Garcinia lateriflora: small tree
Common name: Bolivian mangosteen
Climatic conditions: tropical
Uses:
In Australia, yielding age is from four to six years from seed. Stem bark exhibited
proteasome inhibitory activity and cytotoxicity towards HT-29 human colon cancer
cells. The fruit is edible. The skins of the achachairu (G. humilis) fruit, when made
into a drink, help to suppress hunger, much like its close relative, the gamboge (G.
tinctoria). Unlike purple mangosteen (G. mangostana), the thin skin/pericarp is not
bitter and its flavour can be extracted in a juicer and used to make a refreshing drink
by adding sugar to taste. The refreshing fruit has a fantastic flavour, resembling
purple mangosteen (G. mangostana), but with the advantage of being able to be
grown in colder climates. The ripe fruit is used in making sweetmeats or jam. The
seeds contain 8–9% oil (by weight), which is used in Brazil in poultices on wounds,
whitlows, tumours and, externally, over an enlarged liver. An infusion of the pulp has
a narcotic action with an effect like that of nicotine. [52]
Chemicals:
The stem bark contains lateriflorone. Garcinia is a rich source of secondary
metabolites, especially triterpenes, flavonoids, xanthones and phloroglucinols. Leaf
extraction produces alkaloids, flavonoid, tannins, anthraquinone and saponins. [55]
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Garcinia livingstonei: evergreen shrub or small tree
Common name: African mangosteen, imbe
Climatic conditions: tropical, subtropical
Uses:
Male and female plants are needed to obtain fruit. The fruit is a small, bright, orange,
thin-skinned berry 1–4cm in diameter, with one large seed. The small yield of edible
fruit is pleasantly sweet, yet acidic, but also contains latex that some people find
unpleasant. The bark is reddish brown to dark grey, exuding yellow or red resinous
latex when cut, with the yellow oily sap used to manufacture arrow poison. Extracts
from flowers and leaves have antibiotic properties. [32, 41, 59, 52]
Chemicals:
Moarello-flavone (BGH-II) and a new biflavonyl, BGH-111, along with optically active
amentoflavone and podocarpus flavone A, have been isolated from the phenolic
extractives of heartwood, bark and leaves. The tree is also a source of Guttiferon and
prenylated xanthones. Rind of the fruit is rich in pectin and benzophenones and
biflavonoids may be extracted from the fruits. [8, 18]

Gaultheria fragrantissima: small tree
Common name: Fragrant wintergreen
Climatic conditions: Ranges from tropical at the base of the mountains to permanent
ice and snow at the highest elevations
Uses:
Leaf extracts are used as flavouring for candy, a counter-irritant and treatment
against rheumatism, and is an effective vermicide against hookworm. The fruit is
edible — raw or cooked — purplish-blue and about 8mm in diameter. Leaves are
chewed raw to relieve thirst. An essential oil obtained from the leaves is used as
flavouring and a tea is made from the leaves. The leaves yield around 1.25% of an
essential oil, which is a wintergreen substitute and used in perfumery, as a hair oil
and medicinally. [54, 58]
Chemicals:
About 1.5% of oil extracted from leaves contains 95–99% methyl salicylate; formerly
used in producing salicylic acid. [55]

Geranium wallichianum: hardy, flowering perennial herb
Common name: Wallich geranium
Climatic conditions: temperate, tropical at the base of the mountains to permanent
ice and snow at the highest elevations
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Uses:
The root contains 30% tannin and is used as a dye. The plant also has astringent
properties. A decoction of the root, mixed with the bark of Prunus cerasoides, is used
in treating peptic ulcers. It has been used as a cure for toothache and has been
applied externally to the eyes. The juice of the plant applied to fresh cuts stem
bleeding, a paste is used as a dressing to relieve joint pains, and it is antifungal and
antibacterial. [58]
Chemicals:
The whole plant contains ursolic acid, β-sitosterol, Stigmasterol, β-sitosterol
galactoside, herniarin, 2,4,6-trihydroxyethylbenzoate, tannins, Geranin, Geranic acid,
dehydrogerin, furosin and furosine. [8]

Gevuina avellana: small tree
Common name: Chilean hazel
Climatic conditions: temperate, cool temperatures where frosts occur commonly in
winter (for example, in southern New Zealand)
Uses:
The seeds are eaten raw, cooked in boiling water or toasted. The nuts contain about
12% protein, 49% oil and 24% carbohydrates. The seed has a very high
concentration of monounsaturated oils and is rich in antioxidants. Seed shells contain
tannin used for tanning leather. The first harvest is at year 5, with full production at
year 7 or 8. The fruit pulp and kernel are edible. The kernel is similar to hazelnut
(Corylus avellana) in appearance and flavour, eaten fresh or roasted. The protein
concentration of the oilcake is 16%. Coupled with its low fat and high fibre content,
gevuina flour has prospects as a health food. The whole nut is processed into a
gevuina butter paste of high nutritional value, which can be on par with peanut butter.
The oilcake is a good stockfeed. The timber is pale brown with an attractive grain,
light, strong, durable and easy to work. The oil is of high quality as table oil. Nuts are
rich in oils that have health and cosmetic purposes. The oil is particularly high in
palmitoleic acid (up to 27.6%), which is a good natural ultraviolet filter for sunblock.
Husks left over after nuts processing are rich in tannin, and its fine foliage is in
demand in the cut flower market. [59, 52]
Chemicals:
The nut is a good source of vitamin E (alpha-tocotrienol) and beta-carotene. Its oil is
an ingredient in some sunscreens. Gevuina oil is a source of omega-7 fatty acids
(palmitoleic acid) and rich in polyunsaturated fatty acids such as linolenic and
ecosaenoic acid. Of the 18 amino acids found in the flour, glutamic acid, followed by
aspartic acid and arginine, are present in the greatest concentrations. Lysine is the
only limiting essential amino acid when compared to standards of the Food and
Agriculture Organization of the United Nations (FAO) and the World Health
Organization. [9]
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Grewia bicolor: small tree
Common name: False brandy bush, White raisin bush
Climatic conditions: dry subtropical
Uses:
Fruits are edible and sweetish, but also astringent. The pulp is eaten fresh or dried
and juice is drunk fresh. A mixture of the fruit is used to coat leather bottles
containing new butter to improve flavour. The mucilaginous leaves are used as
binding agents for sauces and fibres. It is also used to make a glutinant for giving
couscous a smooth consistency. The bark is essential in brewing ‘dolo’ (beer) in
Burkina Faso, cleaning and removing bitterness. The ashes of leaves or leaves
themselves are used as a soap substitute for washing clothes. [59]
Chemicals:
The plant contains beta-sitosterol and triterpene esters, and the triterpenes lupeol
and betulin. [28]

Gymnema sylvestre: herb
Common name: Cowplant
Climatic conditions: tropical
Uses:
Chewing the leaves suppresses the sensation of sweetness. It is a herbal medicine
for treating diabetes. [59, 58]
Chemicals:
Altering the perceived sweetness of foods is attributed to the eponymous gymnemic
acids. Leaves contain triterpene saponins belonging to oleanane and dammarene
classes. Oleanane saponins are gymnemic acids and gymnemasaponins, while
dammarene saponins are gymnemasides. Besides this, other plant constituents are
flavones, anthraquinones, hentriacontane, pentatriacontane, alpha- and betachlorophylls, phytin, resins, d-quercitol, tartaric acid, formic acid, butyric acid, lupeol,
beta-amyrin-related glycosides and stigmasterol. The plant extract also contains
alkaloids. Leaves of this species yield acidic glycosides and anthroquinones and their
derivative. [8]
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Hedysarum coronarium: perennial herb
Common name: Sulla, French honeysuckle
Climatic conditions: temperate
Uses:
The herb is a vermicide while grazed and it is used as fodder and hay. The yield is 12
to 20t/ha, with a metabolisable energy value of 2445 (kilocalories per kilogram dry
matter). It is also used an antioxidant in food (Foster 2006). [59, 58]
Chemicals:
The plant contains tannins 20–40g/kg dry matter; vomifoliol (5–14%), 3-hydroxy-4phenylbutan-2-one (1–5%) and methyl syringate (3–6%); a condensed tannin fraction
is of the prodelphinidin type. Flavonoids extracted with aqueous acetone and
methanol from leaves include kaempferol, rutin and quercetin (Tibe et al. 2011).

Homoranthus virgatus: shrub
Common name: Mouse bush, Honey bush
Climatic conditions: temperate
Uses:
The oil is used for perfume. [54, 58]
Chemicals:
Extraction from leaves contains two monoterpenes: alpha-pinene and beta-ocimene.

[51]

Hyssopus officinalis: herbaceous plant
Common name: Hyssop
Climatic conditions: Mediterranean
Uses:
Because of its properties as an antiseptic, cough reliever and expectorant, it is
commonly used as an aromatic herb and medicinal plant. Leaves and young shoot
tips are consumed raw or used as flavouring in soups and salads. It can be used
fresh or dried. Flowers are added to salads. An essential oil from the plant is used as
a food flavouring, while hyssop leaves are used as an aromatic condiment. The
leaves have a lightly bitter taste because of its tannins, and an intense minty aroma.
Because of its intensity, it is used moderately in cooking. The herb is also used to
flavour liqueur and is part of the official formulation of Chartreuse (French liqueur).
Essence of hyssop is obtained by steaming and used in cooking. An essential oil
from the leaves is antiseptic and used in perfumery. Average yields of the oil are
0.6%. A tea made from the leaves is useful in controlling bacterial plant diseases. [54,
59]
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Chemicals:
The plant contains polyphenolic compounds — a pigenin, quercetin, diosmin and
luteolin. Essential oil from aerial parts contains terpenoids pinocamphone,
isopinocamphone and beta-pinene. [8]

Ilex paraguariensis: shrub/herb
Common name: Yerba mate
Climatic conditions: tropical, subtropical
Uses:
Yerba mate is very high in caffeine. Fermented extract helps to improve elasticity and
repair skin; it reduces the appearance of fine lines and has a moisturising effect.
Compounds have potential uses in food and the pharmaceutical industry to mask
bitter taste. [59, 52]
Chemicals:
One of the four flavanones identified in this plant has taste-modifying properties; the
other three are homo-eriodictyol, its sodium salt and sterubin. Leaves contain
saponins. The plant also contains polyphenols, caffeine, theophylline and
theobromine, carotene, fatty acids, chlorophyll, flavonols, polyphenols, inositol,
tannins, pantothenic acid and biotin. [8]

Illicium parviflorum: evergreen shrub or tree
Common name: Small anise, Yellow anise
Climatic conditions: Humid continental in the northern areas to humid temperate in
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and
south Atlantic regions. The southern tip of Florida is tropical.
Uses:
The wood, foliage and flowers are fragrant, with a scent similar to liquorice. It grows
in moist soils in several types of habitat, such as floodplains, and is poisonous. [52,
54]

Chemicals:
The essential oil from leaves and branches is dominated by 68% safrole, 13%
linalool and 12% methyl eugenol. Cycloparvifloralon (a seco-prezizaane
sesquiterpene) were isolated from leaves. [53]
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Indigofera tinctoria: shrub
Common name: Indigo
Climatic conditions: temperate and tropical
Uses:
The leaves are original sources of indigo dye. After harvesting, the leaves and
branches of the plant are placed in a vat, covered with water and fermented. The
sludge of partially rotted plant material that settles to the bottom is collected and
pressed into cakes. When dry, these produce a powder that makes a colourless
solution in water. The colour only develops when an item is dipped into the solution,
removed and then exposed to air. Root extracts have a strong nematicidal property
against Radopholus similis in bananas. [59, 52]
Chemicals:
The plant contains rotenoids deguelin, dehydrodeguelin, rotenol, rotenone, tephrosin
and sumatrol. Rotenoid concentrations are 0.5% in roots, 0.3% in stems, 0.6% in
leaves and 0.4% in fruit and seeds. The plant also contains glucoside indicant. [8]

Laurus nobilis: evergreen tree or large shrub
Common name: Bay laurel
Climatic conditions: Mediterranean
Uses:
Laurel oil is a main ingredient and the distinguishing characteristic of Aleppo soap.
Essential and fatty oils are present in the fruit. The fruit is pressed and waterextracted to obtain these products. A popular herb and spice, it is used in a wide
variety of recipes. [54, 58]
Chemicals:
The most abundant essential oil found in laurel is cineole, also called eucalyptol. The
leaves contain about 1.3% essential oils, consisting of 45% eucalyptol. The fruit
contains up to 30% fatty oils and about 1% essential oils (terpenes, sesquiterpenes,
alcohols and ketones). A compound (lauroside B) isolated from L. nobilis is an
inhibitor of human melanoma. [44, 47]

Lecythis ollaria: large tree
Common name: Paradise nut
Climatic conditions: tropical
Uses:
The tree is considered a selenium accumulator and part of the element is bound to
very selenium-rich proteins. Seeds are large and edible, taking 18 months to mature
after flowering. The oil is a powerful haemostatic agent. It has been estimated that
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individual trees could produce about 80kg of seeds per year. Seeds contain about
63% oil or fat and 20% protein, and are consumed raw or roasted. When ripe, the
ivory-white kernels have a delicious flavour with a soft, almost creamy texture. The
seeds are sweeter than Brazil nuts and are easier to digest. Edible oil from the seed
is pale yellow and suggestive of almond oil in taste and smell; it rapidly becomes
rancid. Oil obtained from the seed is used for making soap and as an illuminant. Bark
is a source of tannins. [54, 57, 59]
Chemicals:
Tissues of the bark, leaves, capsules and seeds all contain selenium but the highest
concentration is in the nuts that contain about 5g/kg, about half of which is soluble in
water. Seeds contain selenium methionine, which causes selenium staggers. A high
selenium concentration in oilcake (water soluble) is available as selenocystathionine.
[17]

Limnanthes douglasii: annual flowering plant
Common name: Meadow foam, Poached egg plant
Climatic conditions: subtropical
Uses:
Seed oil yields 30% (kenaf epoxy oil) and is used as carrier/base oil for cosmetics. It
is a mono-unsaturated fatty acid. The oxidative stable oil has superior properties for
industrial lubricant applications, similar to sperm whale oil. The oil can be converted
to liquid wax esters, which can be used in lubricants. Reacting the oil with sulfur
yields factice, a solid chemical rubber. [43, 58]
Chemicals:
Oil contains more than 60% eicosanoic acid (arachidic acid). [3, 37]

Liquidambar styraciflua: medium tree
Common name: American sweet gum
Climatic conditions: temperate
Uses:
Gum resin, for which the tree is named, exudes from the bark of the tree when
wounded. It has many names, including liquid amber or copalm balsam. Styrax is still
used to make chewing gum and as an ingredient for the tobacco and perfume
industries, including the making of cosmetics. The styrax gum is also used
medicinally to treat coughs, wounds and dysentery. Industrially produced styrene is
now used to produce polystyrene plastics, including Styrofoam. The aromatic resin
‘Storax’ obtained from the trunk of this tree forms in cavities of the bark and also
exudes naturally. Harvested in autumn, production is stimulated by beating the trunk
in the spring. The resin has a wide range of uses including medicinal, incense,
perfumery, soaps and as an adhesive. Timber is used primarily for furniture and
cabinet-making. [7, 54, 52]
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Chemicals:
Seeds may be a renewable source of shikimic acid, a precursor for the drug Tamiflu.
Aerial parts contain β-sitosterol, lupeol, oleanolic acid, ursolic acid, luteolin, orientin,
iso-orientin, kaempferol 3-O-α-rhamnoside and kaempferol 3-O-β-glucoside. These
results suggest that methanol extract of L. styraciflua is a good natural source for
acetyl-cholinesterase inhibitor. [33]

Liquidambar formosana: medium tree
Common name: Chinese sweet gum
Climatic conditions: temperate
Uses:
The hardened sap, or gum resin, excreted from the wounds of the tree can be
chewed like chewing gum. Wood is used for furniture and interior finish. [54, 59, 52]
Chemicals:
The leaves contain hydrolysable tannins: tellimagrandin, casuariin, 1,2,4,6-tetra-Ogalloyl-β-D-glucose and casuarictin, and the resin pentacyclic triterpenes, iterpenoids,
liquidambolide and liquiditerpenoic acids. [45]

Lunaria annua: annual or biennial flowering plant
Common name: Honesty, Money plant
Climatic condition: temperate
Uses:
Seeds are cooked and have a pungent flavour; used as a mustard substitute. Mixing
it with hot water or vinegar, or adding salt, inhibits the enzyme and produces mild
bitter mustard. The 30–38% seed oil has the potential for helping formulate
pharmaceutical preparations and high-temperature lubricants. The oil yield is about
1700kg/ha. In addition, recent developments indicate that nervonic acid may be used
as raw material for producing a medicine against multiple sclerosis. The biennial
character of Lunaria is a main constraint for an economically feasible production of
Lunaria oil. [52, 58]
Chemicals:
When cold water is added to the ground-up seed, an enzyme (myrosin) acts on a
glycoside (sinigrin) to produce a sulfur compound. The seed oil consists of 67% longchain fatty acids (44% erucic acid and 23% nervonic acid). Oxidative ozonolysis of
erucic acid yields brassylic acid and pelargonic acid. Brassylic acid can be
transformed into a liquid wax for use in high-pressure lubricants and industrial paints,
and it can be used to make industrial nylons, such as nylon 1313, for use in electrical
insulation, automobile parts and other high-temperature applications. [8]
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Mammea americana: shrub
Common name: Mammee apple, South American apricot
Climatic conditions: subtropical
Uses:
Various parts of the tree contain insecticidal substances, especially the seed kernel.
In Jamaica and Mexico, bark gum is melted with fat and then applied to feet to repel
fleas on animals. The same effect is also obtained from infusions of half-ripe fruits. In
the Virgin Islands, the tannin from the bark is used to tan leather. The timber is heavy
and hard, yet easy to work. The fruit is edible and while slightly under ripe and rich in
pectin, is made into jellies. The fruits are round, 8–15cm in diameter and can weigh
0.5–2.0kg. Young mammee trees begin to produce flowers and fruit between 6 and 8
years old, yielding 100kg/tree. When ingested, it is poisonous to dogs and cats.
When powdered seeds and sliced unripe fruit infusions (0.45kg in 3.78 litres of water)
were tested on dogs, both products were as effective as DDT and faster in killing
fleas and ticks but not as long lasting in regard to reinfestation. The powdered leaves
are 59% effective against armyworm and 75% effective against melon worm. Various
extracts from the fruit, bark, leaves or roots are toxic to webbing clothes moth, black
carpet beetle larvae and milkweed bug. [4, 43, 54]
Chemicals:
The crystalline insecticidal principle from the dried ground seeds is mammein
(C 22 H 28 O 5 ). The main constituent of a wax isolated from the seed oil is the
symmetrical C48 homolog, tetracosanyl tetracosanoate. [8]

Melia azedarach: fast growing deciduous tree
Common name: White cedar, Chinaberry, Persian lilac
Climatic conditions: subtropical
Uses:
Leaves have been used as a natural insecticide to keep with stored food, but must
not be eaten because they are highly poisonous. The fruit was used to stop insects
laying eggs in other dried fruit. The tree yields excellent timber — planks dry without
cracking or warping and are resistant to fungal infection with a specific gravity of 0.46.
The tree can be invasive. Fruits are poisonous to humans if eaten in quantity. All
parts of the plant, but particularly the inner bark, are used against intestinal worms.
Oil suitable for illumination is extracted from berries. Stems, fruits and flowers
extracts, with fruits and flowers extracts being the most efficient, deter insect feeding.
[54, 59, 52]

Chemicals:
Chemicals found in M. azedarach are similar to those in neem trees, which contain
meliacins. The toxic principle is tetranortriterpenoids. A steroid ester, azedarachol
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(root bark) and allelochemical toosedanin has a combination of antifeed and growth
inhibitory properties to the variegated cutworm and beet armyworm. [40]

Monardo didyma: perennial herb
Common name: Beebalm
Climatic conditions: Humid continental in the northern areas to humid temperate in
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and
south Atlantic regions
Uses:
Its odour is considered similar to that of the bergamot orange (the source of
bergamot oil used to flavour Earl Grey tea). Beebalm is the natural source of the
antiseptic thymol, the primary active ingredient in modern commercial mouthwash
formulas. Leaves and young shoot tips are consumed raw or cooked and used as
flavouring in salad, fruit salad, drinks and tea. [59, 52]
Chemicals:
Contents in essential oil are mainly thymol, with smaller amounts of para-cymene, Dlimonene, carvacrol, linalool and hydrothymoquinone. Flavonoids (rutin, hyperoside,
quercitrin, luteolin and quercetin) are found in leaves and flowers. [8]

Moringa oleifera: fast growing medium-sized tree
Common name: Miracle tree, Drumstick tree
Climatic conditions: temperate, subtropical, tropical
Uses:
Leaves and pods are consumed as vegetables and as animal feedstock. The oil
(40% in kernels) is used as cooking oil (on par with olive oil), biodiesel, as a base for
cosmetics and as high quality lubricant. Leaves are high in protein, vitamins A, B and
C, potassium and calcium (Thurber & Fahey 2009, Ecology of Food and Nutrition
2009). Leaves contain a plant growth enhancer and the oilcake is high in protein
(40%) and used as animal feedstock, and the seeds are used for water purification.
DAFWA has done some work and assessments on this plant species (Pitts, 2010).
Moringa oil does have potential as a food ingredient. Moringa oil has three key
attributes in relation to a food application: I) high monounsaturated fatty acid
composition; II) melting point (19.9°C) and III) high concentration of long-chain
(>C:20.0) saturated fatty acids. The high monounsaturated and saturated fatty acid
concentration may make it a suitable deep frying medium and the oils melting point of
19.9°C may give it advantages as oil source in the manufacture of table margarines
or stable spreads. A blend of these fatty acids can be used in chocolate as a partial
cocoa butter replacer. For behenic acids (C:22.0) it is its low absorbance in the
human digestive system so could be used in the development of low energy foods (to
give oil mouth feel and texture but not the kilojoules). The oilcake as a flocculate
(extract from the pods can bind proteins) may be of interest to the wine and beer
industries as a replacement for Isinglass finings. [36, 54, 59]
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Chemicals:
The oil is high in oleic acid (70%), while leaves contain cytokines and auxins. The
seed contains glucosinolates. [8]

Myoporum platycarpum: shrub or small tree
Common name: False sandalwood
Climatic conditions: dry temperate, Mediterranean
Uses:
Originating in Western Australia, the fruit is eaten raw or cooked; however, caution is
advised because of possible toxicity. A sweet manna, which is a popular local
delicacy, exudes from the stems. The manna cannot be induced to flow by wounding
the stem, but is extracted from the stems and can also be used as adhesive cement.
The plant yields a resin, which is substituted for pitch and sealing wax and is used as
a laxative. The wood is perfumed, used for veneers and cabinet-making, and is a
sandalwood substitute. [59, 52]
Chemicals: No data available.

Nephelium lappaceum: medium tree
Common name: Rambutan
Climatic conditions: tropical
Uses:
The fruit is edible. Usually a single, light brown seed that is high (38.9%) in certain
fats and oils — primarily oleic acid (40%) and arachidic acid (36%) — and the
amount of protein and carbohydrate are 12.4% and 48%, respectively. The oil is used
in cooking, previously for illumination and making soap. Roots, bark and leaves have
various uses in medicine and in producing dyes. Young shoots are used to produce a
green colour on silk that is first dyed yellow with turmeric. The fruit walls used with
tannin-rich parts of other plants dye silk black after a preliminary red staining. Leaves
used with mud produce an impermanent black dye. The seed kernel can be used for
producing rambutan tallow, a solid fat similar to cacao butter, which is used for soap
and candles. Extract from rind, either alone or in combination with other active
principles, can be used in cosmetic, nutraceutical and pharmaceutical applications.
The ethanolic extract of the rind of N. lappaceum has a high, free radical-scavenging
activity, comparable to that of vitamin C and much higher than that of grape seed. In
addition, it has been shown to have a superoxide-scavenging ability of 30%, in
contrast to superoxide dismutase, which has a 50% scavenging ability. The aqueous
extract also reduces autoxidation of linoleic acid by 50%. It is an ideal antioxidant
because it has no pro-oxidant activity induced by transition metals, unlike vitamin C
at higher concentrations. [54, 57, 59, 52]
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Chemicals:
The fruit walls contain a toxic saponin. The high phenolic content, low pro-oxidant
capacity and strong antioxidant activity of the extract from rind contains phenolic
compounds — ellagic acid, corilagin and geraniin (57%). The peel is considered as
an ellagitannin source and the ethanolic rind extract has a phenolic content in the
range of 762–822mg/g gallic acid equivalent. The seed oil is rich in calcium and
magnesium with contents of 160.31mg/100g and 51.01mg/100g, respectively. The
concentrations of chromium, manganese, nickel, copper, zinc and iron in the fruit are
0.55, 1.62, 0.24, 0.83, 40.61 and 24.77mg/100g, respectively, providing most of the
minerals for human requirements based on the Dietary Reference Index standard
from Institute of Medicine (2001). [8]

Nitraria schoberi: perennial salt-tolerant shrub
Common name: Nitre bush
Climatic conditions: tropical, desert
Uses:
Nitre bush flowers mainly in spring with small ovoid or oblong fruit (drupe) that are
purple, red or golden. The fruit are edible, said to taste like salty grapes and are an
attractive source of fatty acid components, especially the essential ones, as well as
effective natural antioxidants. It grows on saline areas and is sometimes irrigated
with saline water. [54, 59, 52]
Chemicals:
The fruits contain linoleic, palmitic, oleic and myristic acids as the dominant fatty acid
components, with gamma sitosterol and campestrol being the major elucidated
sterols. Three bioactive fractions were isolated, two with serotonin-like activity and
one with vascular, smooth muscle relaxing activity. It contains the alkaloid Nitramine,
and O-acetylnitraraine was isolated from the aerial part. Synthesis of silver and gold
nanoparticles may be influenced directly or indirectly by phytochemicals — flavonoids,
diosgenin and phenolics compounds — in the plant. [42]

Onosma echioides: biennial or perennial herb
Common name: Golden drop, Firebug
Climatic conditions: Mediterranean
Uses:
It is used to restore the proper function of the body and increase health and vitality,
laxative, dressing and stimulant. Red dye (especially for wool) is obtained from the
root. [54, 52]
Chemicals:
Roots show an alkannin/shikonin content in the range of 0.02–0.24mg/kg.
Hexadecanoic acid (3.2–33.8%) and phytol (7.3–15.2%) were predominant in the
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flower oils, while phytol (36.5–54.5%) and hexahydrofarnesyl acetone (7.1–12.1%)
were the major components in the leaf oils. Alkanes, fatty acids and aldehydes
constituted the major fraction in the flower oils, while oxygenated diterpenes and
ketones were predominant in the leaf oils. The roots also contain ursolic acid,
naphthoquinones and onosone A and B, as well as a very high calcium concentration
of 91.159mg/g. [35]

Opopanax chironium: perennial herb
Common name: Sweet myrrh
Climatic conditions: temperate, Mediterranean
Uses:
This plant is used in producing certain perfumes. A consumable resin can be
extracted from Opopanax by cutting the plant at the base of a stem and sun-drying
the juice that flows out (rare and costly gum resin). Though people often find the
taste acrid and bitter, the highly flammable resin burned as incense produces a scent
like balsam or lavender, and it is an antispasmodic. [54, 52]
Chemicals:
O. chironium is a rich source of furano- and dihydrofurano-coumarins, (heraclenin
and imperatorin) whose accumulation in all plant parts, especially the roots, is
presumably responsible for the poisonous properties of the species. The ether
extract of the roots yields peucelinenoxide acetate, a new natural product with an
irregular diterpene skeleton, besides the known coumarins gaudichaudin,
columbianadin, peucedanin and officinalin isobutyrate (Muckensturma et al. 2005).
[45]

Origanum syriacum: perennial herb
Common name: Hyssop, Egyptian marjoram
Climatic conditions: Mediterranean
Uses:
It is a preferred primary ingredient in the spice mixture za’atar and flavouring. The oil
is a disinfectant. [8, 54]
Chemicals:
Essential oil from shoots contains thymol, gamma-terpinene and rho-cymene,
thujene, myrcene and carvacrol. [58]

Osmanthus fragrans: evergreen shrub or small tree
Common name: Sweet olive, Fragrant olive
Climatic conditions: tropical at the base of the mountains to permanent ice and snow
at the highest elevations
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Uses:
Flowers infused with green or black tea leaves create a scented tea, likened to
apricot and peach. The flowers are also used to produce osmanthus-scented jam,
sweet cakes, dumplings, soups and even liquor, to protect clothes from insects and
in perfumery. Osmanthus absolute oil is very expensive — up to US$6600/kg — and
its use in commercial perfumery is restricted to small quantities. It is used as a
condiment and unripe fruits are preserved in brine. [36, 59, 52]
Chemicals:
Two new iridoid glucosides (10-acetoxyligustroside and 10-acetoxyoleuropein), along
with two known glucosides (acteoside and phillyrin) have been isolated from the
leaves. Essential oil from flowers contains epoxylinalool, beta-linalool, 5ethenyltetrahydro-alpha, 5-trimethyl-2-furanomethanool and beta-ionol. [26]

Pachyrhizus erosus: vine
Common name: Mexican yam, yam bean
Climatic condition: warm temperate, subtropical, tropical
Uses:
The tuberous root is edible (up to 20kg) with a crisp texture that resembles raw
potato or pear and the flavour is sweet and starchy. The rest of the plant is very
poisonous and seeds are used as an insecticide. [36, 45, 52]
Chemicals:
The seeds contain rotenone. The sweet flavour comes from the oligo-fructose inulin
(also called fructo-oligosaccharide), which is a prebiotic. It is very low in saturated fat,
cholesterol and sodium, and a good source of potassium and vitamin C. [8]

Pangium edule: large tree
Common name: Football fruit
Climatic conditions: tropical
Uses:
The tree takes 10 years to produce a large poisonous fruit that can be made edible
by fermentation. The kernels may be ground up to form thick black gravy called
rawon. The oil is used for cooking oil, vegetable, fish or meat preservative (after heat
treatment), biodiesel, soap and as an illuminant. The seed extract could be a
potential source of natural antioxidant and an antibacterial. The most remarkable
feature of P. edule is its cloud, pour and cold filter plugging points. This biodiesel
yielded cloud, pour and cold filter plugging points of –6°C, –4°C and –8°C,
respectively, which indicates the viability of using this biodiesel in cold countries. The
leaves have been used externally to treat skin parasites. The saponins have
commercial applications, such as ore separation in industrial and mining operations,
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and are useful in products such as photographic emulsions, cosmetics and
shampoos. It is usually found in the mangrove swamps of South-East Asia. [59, 52]
Chemicals:
The fresh fruit and seeds contain hydrogen cyanide. Hydrogen cyanide released by
boiling and fermentation is water soluble and easily washed out. The edible portions
of the plant are an excellent source of vitamin C and high in iron. While producing a
poisonous prussic acid, all parts of the tree can be dangerous; however, carefully
washed or cooked older leaves, fruit and seeds can be eaten. A highly toxic
hydrocyanic acid is produced from a reaction with a glucoside called gynocardin,
which is contained in all parts of the plant, with the highest concentration in the seeds
of the fruit. Seed also contains hexadecanoic acid, heptadecene-(8)-carbonic acid
and 9,12-Octadecedienoic acid. Oil (20%) is dominated by unsaturated fatty acids
and tri-unsaturated tri-acylglycerol profile, and high in oleic acid. [16]

Pappea capensis: tree
Common name: Jacket plum
Climatic conditions: dry temperate
Uses:
The delicious and very juicy fruit with a tart flavour is used to make preserve, jelly,
vinegar and an alcoholic drink. Leaves, bark and the oil extracted from the seed are
used medicinally. Leaves are very effective in killing snails. Seeds are rich in edible,
non-drying and viscous oil (about 74%) used for making soap and oiling guns. The
root is used orally as an enema and as a purgative for cattle. [59, 52]
Chemicals:
The phytochemicals detected in the leaf and stem bark powders are tannins,
phenolics, saponins, phylobatannins, terpenoids, flavonoids, steroids, cardiac
glycosides (in trace amounts) and alkaloids. Leaf powder contains the highest
amounts of total phenols at 7mg/g dry matter gallic acid; the highest amount of
flavonoids was 127mg/100g and 107mg/100g pyrocatechol (medicinal use) from
leaves and stem bark, respectively. [15]

Parthenium argentatum: small shrub
Common name: Guayule
Climatic conditions: temperate, Mediterranean
Uses:
The plant is harvested in year 2 by cutting it 10cm above ground and then allowed to
coppice and harvested every year for the next five years. The bark contains circumallergenic latex, used for manufacturing wetsuits and surgical gloves, and for
industrial rubber used for tyres. The rest of the biomass can be used for termite
resistant particleboard (needing just heat and compression). [36, 43, 54]
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Chemicals:
The bark contains isoprene. The rest of the plant contains terpene resins and
farnesene (used for renewable aviation fuel). [8, 11]

Picea orientalis: slow growing evergreen coniferous tree
Common name: Oriental spruce
Climatic conditions: summers are mild, but winters are significantly colder, with
snowfall a common occurrence.
Uses:
P. orientalis produces high quality paper pulp, healing salves from the spruce gum
(exuded resin), beverages from twigs and needles, aromatic distillations from
needles and binding material (‘wattape’) from long, split roots used for birch bark
canoes. Edible parts are the flowers, inner bark, seed and seedpod, used as
condiment, drink, gum and tea. Young male catkins (flowers) are consumed raw or
cooked and as flavouring. Immature female cones are cooked. The central portion,
when roasted, is sweet and syrupy The cones are 1–4cm in diameter. The inner bark
is cooked. It is usually harvested in spring and can be dried, ground into a powder
and then used as a thickener in soups or added to cereals when making bread. A
refreshing tea, rich in vitamin C, can be made from the young shoot tips. Tea is also
made from the needles and the bark. A gum obtained from the bark, collected in
considerable quantities, is used for chewing. Hardened blobs make an excellent
chewing gum. It is reported that the gum (called ‘spruce gum’) is a resinous
exudation collected from the branches. Spruce oils are also used commercially for
flavouring. The young twigs boiled with molasses and sugar are fermented to
produce ‘spruce beer’. The beer is ready to drink in a week and considered a good
source of minerals and vitamins. A yellow-orange dye is obtained from the cones.
Various native American tribes made a string from the long roots of this species and
used it to stitch the bark of their canoes and to sew baskets. The pitch obtained from
the trunk has been used as a sealing material on the hulls of canoes. Turpentine is
obtained from the bark and branches. The tree is used for Christmas trees, timber
and paper. [7, 54, 59]
Chemicals:
Constituent tannins are procyanidins. The monoterpenes delta-3-carene, limonene
and bornyl acetate dominate in the needles, whereas the appreciable amounts of
labdadienol isomers and high content of diterpenoids characterise the wood extracts.

[8]
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Pimelodendron amboinicum: small and large trees
Common name: Pimelodendron
Climatic conditions: tropical
Uses:
The seed is edible. For medicinal purposes, the bark is a purgative. A milky fluid
obtained from the trunk is used as a water-resistant varnish for paintings. When
mixed with the juice of Alstonia scholaris, it is used as a varnish on wood. Latex
obtained from the plant is used for gluing or cementing wooden articles together. [54,
59, 52]

Chemicals: No data available

Pinus caribaea: large tree
Common name: Pitch pine
Climatic conditions: tropical, subtropical, savanna
Uses:
This tree is used commercially for timber and resin. It is an environmental weed in
the wet tropical northern Australia, and effectively tapped for oleoresins from when it
is 10 years old. The trunk has a 20cm diameter at breast height. In Sri Lanka, an
industry has been established to manufacture gum resin, turpentine and heavy oils
from the oleoresins, yielding an average of 3kg resin/tree/year and containing gum
resin (75%) and turpentine (20%). The bark contains 10% tannin; extracted and dried
to a reddish powder soluble in water. The leaf oil is sometimes used for medicinal
baths and seeds are consumed. [10, 54]
Chemicals:
The essential oil contains phellandrene (67.9%), caryophyllene (10.2%) and pinene
(5.4%). The high concentration of phellandrene in the oil suggests its usefulness as a
fragrance. Leaves contain phenolic acid, an insecticide against mosquitoes. The
resin contains rosin and terpentine alpha-pinene and beta-phellandrene, together
accounting for 80–90% of the terpenes, with the absence of borny-acetate and the
presence of longifolene and associated sesquiterpenes. [45]

Pinus cembra: large tree
Common name: Swiss pine
Climatic conditions: Mediterranean to permanent snow
Uses:
Seeds are harvested and sold as pine nuts, can be used to flavour schnapps and are
much valued as a food. The oil-rich seed has a delicious flavour but with a slight hint
of turpentine. An edible drying oil is obtained from the seed. Vanillin flavouring is
obtained as a by-product of other resins that are released from the pulpwood.
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Turpentine obtained from the resin of all pine trees is antiseptic, diuretic, rubefacient
and anthelmintic. A tan or green dye is obtained from the needles. Oleoresins are
present in the tissues of all species of pines, but these are often not present in
sufficient quantity to make their extraction economically worthwhile. The resins are
obtained by tapping the trunk or by destructive distillation of the wood. In general,
trees from warmer areas of distribution give the higher yields. Turpentine consists of
an average of 20% of the oleoresin and is separated by distillation. Turpentine has a
wide range of uses including as a solvent for waxes, making varnish and for
medicinal purposes. Rosin is the substance left after turpentine removal and it is
used by violinists on their bows and in making sealing wax and varnish. Pitch can
also be obtained from the resin and is used for waterproofing and as a wood
preservative. The wood is soft and easily worked. [54, 57]
Chemicals:
The needles contain terpene: α-pinene, β-pinene and limonene β-phellandrene. [45]

Pinus pinaster: large tree
Common name: Maritime pine
Climatic conditions: Mediterranean, cool temperate
Uses:
The tree is used for timber and producing pycnogenol, a natural antioxidant, antiinflammatory and dietary supplement. The turpentine obtained from the resin of all
pine trees is antiseptic, diuretic, rubefacient and anthelmintic. The seed is eaten raw
or cooked, is rich in oil and has a resinous flavour. Vanillin flavouring obtained as a
by-product of other resins is released from the pulpwood. A tan or green dye is
obtained from the needles. It is a major source of resin in Europe, obtained by
tapping the trunk or by destructive distillation of the wood. The resin is a solvent for
waxes, for making varnish and medicinal uses. Rosin is the substance left after
turpentine removal and it is used by violinists on their bows, and in making a sealing
wax and varnish. Pitch can also be obtained from the resin and is used for
waterproofing and as a wood preservative. [10, 58]
Chemicals:
It is a source of flavonoids, catechins, proanthocyanidins and phenolic acids, notably
in the patented extract ‘Pycnogenol’. Needles contain a terpene. [45]

Pistacia chinensis: small to medium tree
Common name: Chinese pistachio
Climatic conditions: withstands harsh conditions and is frost-tolerant, tolerating
temperatures down to about –25°C, yet it is most highly regarded in warm climates.
Uses:
A tree with a trunk diameter of 15cm can produce 50–100kg of fruits. The tannin
content is 14.52% in leaves and 20–30% in the gallnut. The wood is used for
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furniture and yields a yellow dye. Young shoots and leaves are cooked; and leaves,
buds and inflorescence of the plant ca be processed as tea or be pickled as
vegetable. Seeds are roasted and then eaten, or used in confectionery. It is also a
rootstock for the pistachio nut. The fresh leaves contain 0.12% aromatic oil that is
very expensive and can be used for many purposes. The tree has a long juvenile
period of about 12 years and high fruit production needs a balance between male
and female; however, gender cannot be identified during the juvenile period. [54, 59,
52]

Chemicals:
Many kinds of long-chain aliphatic hydrocarbons, terpenoids, palmitic and aromatic
alcohol can be found. P. chinensis is high in polyphenols. The oil (35%) from the
seeds is used for biodiesel. It contains oleic acid (47.32%), linoleic acid (31.58%),
linolenic acid (1.69%), palmitic acid (17.5%), palmitic acid (0.99%) and stearic acid
(0.92%). Extracted tannin from gallic acid is an important intermediate for
synthesising ribothymidylic acid or trimethoprim and is used in many aspects.
Constituents of the leaf oil are alpha-pinene and beta-pinene, and beta-phellandrene.
Structures of 4-aryl-coumarin (neoflavone) have an oestrogen-like activity. [50]

Polianthes tuberosa: perennial bulb
Common name: Tuberose
Climatic conditions: temperate, subtropical,
Uses:
Extracts are used as a middle note in perfumery. Flowers are used as cut flowers or
eaten cooked. They are also used in vegetable soups or added to the substrate of
‘kecap’, an Indonesian soy sauce. The flowers are the source of tuberosa flower
water ($20 for 6g). An essential oil is obtained from the flowers used in high grade
perfumery (1150kg of flowers yield 1kg of absolute essential oil). Absolute is obtained
by extraction using volatile solvents, not steam distillation. [54, 59]
Chemicals:
Tubers contain spirostanol saponins with five monosaccharides. Absolute contains
unsaturated γ-lactones, while the aerial parts contain bisdesmosidic cholestane
glycoside, spirostanol saponins and cholestane glycoside (used against leukaemia).
[38]

Ricinodendron heudelotii: fast growing large tree
Common name: Groundnut tree
Climatic conditions: tropical
Uses:
The tree produces fruit after three to four years. The fruit is left to drop prior to
collection. The edible parts of the plant are the high nutritive content in the kernels,
used as a flavouring agent in cooking because of their unique aroma, which is
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described as peppery and reminiscent of cocoa. In Guinea, the ash is used in indigo
dyeing. Seed kernels are oil bearing and contain about 47% oil by weight. The oil is
light, yellow, drying, has a sweet taste, is usable in varnish and soft soaps and has
industrial application in waterproofing materials. In Nigeria, the root, when ground up
and mixed with pepper and salt, is used for constipation. The dried and ground
kernels are used as a flavouring agent in some dishes in west and central Africa.
Because of its high content of γ-tocopherol, the oil is very stable and becomes rancid
only slowly, making it a potential feedstock for cooking oil and margarine. Seeds are
pounded in a pestle and mortar and the paste of ground seed is added as a thickener
for soups and stews. Oil is obtained from dried kernels, and ash from burned wood
can be used for producing soap and varnish. A tree yields up to 900 fruits and an
average of 72kg of kernels. [54, 57, 52]
Chemicals:
The oil contains the fatty acids eleostearic (44%), oleic (16%), and 10% each of
palmitic, stearic, linoleic and linolenic. It is high in gamma-tocopherol and the bark
extracts contain lupeol. [24]

Sapindus saponaria: small to medium deciduous tree
Common name: Wingleaf soapberry, Western soapberry
Climatic conditions: tropical
Uses:
Fruits contain molluscicidal saponins and can be used for schistosomiasis control.
Extracts have a potential as an antigastric ulcer remedy. The seed and fruit are
poisonous. The fruit cut or crushed is mixed briskly with water to produce a sudsy
lather and used as a soap substitute for clothes and shampoo. The drupes, which
lather when combined with water, were used in varnish, floor wax and soap. Ground
seeds yield medicinal oil that is used for treating skin lesions caused by fungi.
Supplementation with the fruits is a beneficial way to improve the ruminal volatile
fatty acids profile, microbial efficiency and duodenal flow of microbial protein in sheep
fed tropical grass or grass–legume diets. The extracts of leaf and stem bark are
phytotoxic and can potentially induce abnormalities and reduce the growth of wheat
seedlings. Extracts of leaves (10%) are allelopathic against weeds. Saponins are
used as an insecticide against glasshouse whitefly. [54, 59]
Chemicals:
Berries of these plants contain saponin. Saponins are derived from the triterpenes —
hederagenin, oleanolic acid and acyclic sesquiterpene oligoglycosides. [24]
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Saponaria officinalis: perennial plant
Common name: Common soapwort
Climatic conditions: Mediterranean
Uses:
Soapwort is used as a very gentle soap, usually in dilute solution. It has historically
been used to clean delicate or unique textiles. A lathery liquid that has the ability to
dissolve fats or grease is procured by boiling the leaves or roots in water. It is also
used as an emulsifier in the commercial preparation of tahini halva (a sesame sweet
treat) and in brewing beer with a good ‘head’. An overdose can cause nausea,
diarrhoea and vomiting. Medicinal use is as an expectorant; its strong irritant action
within the gut is thought to stimulate the cough reflex and increase the production of
more fluid mucus within the respiratory passages. Roots and seeds are poisonous.
[59, 52]

Chemicals:
The leaves contain the flavone saponarin. Seeds contain saporin; roots contain
saponarioside and triterpenoid saponins, vaccaroside D and dianchinenoside B. [45]

Sassafras albidum: medium deciduous tree
Common name: Sassafras
Climatic conditions: temperate
Uses:
An essential oil, called sassafras oil, is distilled from the root bark or the fruit and is
used as a fragrance in perfumes, soaps and aromatherapy. It was used in food —
sassafras tea and candy flavouring — but it is now banned by the Food and Drug
Administration for food and flavouring after being assessed as a carcinogen. The
smell of sassafras oil makes an excellent repellent for mosquitoes and other insects,
and acids can be extracted from the bark for manufacturing perfumes. The essential
oil was used as a painkiller as well as an antiseptic in dentistry. A yellow dye is
obtained from the wood. The dried and ground leaves are known as filé powder,
which is still used for thickening sauces and soups, although sassafras leaves must
be ‘safrole free’ to be used as food additives. Safrole is commonly used by
clandestine laboratories to synthesise various drugs and must thus be declared to
customs. The tree is also allelopathic. [7, 54, 59, 52]
Chemicals:
Sassafras oil is the preferred source of safrole, which is the main component (75–
80%) of the essential oil. The leaves contain alpah-phellandrene, eugenol and 2pinene. [22]
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Sciadopitys verticillata: slow growing medium tree
Common name: Umbrella pine
Climatic conditions: temperate
Uses:
Oil obtained from the wood is used for varnishes and dyes. The wood is soft, elastic,
water resistant and used for building boats. Latex — a viscous, milky coloured, nonresinous sap — produced in laticifer ducts is secreted from wounds such as those
induced by stem cuttings. When exposed to air, the latex quickly hardens and the
resultant seal of the wound may be playing a primary role in inhibiting adventitious
roots and promoting antibiotic and antifungal action. [54, 59, 52]
Chemicals:
The heartwood contains methyl sciadopate, a new diterpenoid ester, which has been
correlated to agathic acid. [45]

Shorea robusta: large deciduous tree
Common name: Sal
Climatic conditions: subtropical
Uses:
Oil extracted from the seeds is used as cooking oil after refining. Dried leaves are a
major source for producing leaf plates (replacing plastic). Sal tree resin is used as an
astringent. It is an important hardwood timber, very durable and highly resistant to
termite attack. Oil is used as an illuminant and contains 14–15% fat. The refined oil is
used as a substitute for cocoa butter in chocolate manufacturing, and in soap, paints,
pigments, lubricants, auto oil and biodiesel. The oilcake contains about 50% starch,
in addition to proteins, tannins and minerals. Salseed cake can also constitute up to
10% of poultry and pig rations without affecting the performance of these animals.
The physiochemical property of the starch can be exploited for preparing canned
food production. [36, 54, 59, 52]
Chemicals:
The oil contains 35–45% stearic acid and 40–45% oleic acid and has a melting point
of 32–35°C. The starch has more nitrogen, phosphorus, lipids, amylose and waterbinding capacity compared to the other starches of forest origin. Despite its low and
seemingly restricted swelling, the sal starch is much more soluble at any particular
degree of swelling. The paste viscosity curve showed no drop in viscosity after full
gelatinisation had taken place, with the paste staying stable during cooking. The
oleoresin chemical contains nor-triterpene, dammarenolic acid, asiatic acid,
dipterocarpol, triterpenic acid, tannic acid, bergenin and phenolic content, and
possesses antibacterial, analgesic and wound healing effects. [46]
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Stokesia laevis (Hill) Greene: herbaceous perennial
Common name: Stokes aster
Climatic conditions: humid continental in the northern areas to humid temperate in
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and
south Atlantic regions. The southern tip of Florida is tropical.
Uses:
The seed oil is used to manufacture plastics, coating industries, plasticisers and
stabilisers. The seed yield is 2t/ha. [43, 58]
Chemicals:
The seed contains 27–44% oil and 64–79% of the oil is vernolic acid (a fatty acid
containing an epoxy group). [58]

Strophanthus preussii: vine or shrub
Common name: Poison arrow, climbing oleander
Climatic conditions: tropical
Uses:
The latex, roots or seeds are used in arrow poison mixture. The latex of the plant is
used for coagulating the latex of Funtumia elastica when making rubber. The
chemicals are used to manufacture the drug ouabain, a cardiac stimulant. [54, 59]
Chemicals:
The plant contains toxic alkaloids and cardiac glycosides g-strophanthin (syn.
ouabain), k-strophanthin and e-strophanthin. [24]

Styrax benzoin: medium tree
Common name: Sumatran benzoin
Climatic conditions: tropical
Uses:
The tree is the main source of benzoin resin, obtained by wounding the tree. Benzoin
resin is a common ingredient in incense making and perfumery because of its sweet
vanilla-like aroma and fixative properties. It is used in cosmetics, veterinary medicine
and scented candles. Benzoin is a fixative, slowing the dispersion of essential oils
and other fragrance materials into the air and flavouring in alcoholic and nonalcoholic beverages, baked goods, chewing gum, frozen dairy, gelatines, puddings
and soft candy. Resin yield starts in year seven, producing 1.3kg per tree. [54, 59, 52]
Chemicals:
Sumatran benzoin contains cinnamic acid and benzoic acid. Vanillin is present. [24]
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Tagetes minuta: annual herb
Common name: Southern cone marigold, Stinking roger, Black mint
Climatic conditions: temperate
Uses:
An organic dye (known as Tamidye or TAMI dye) is extracted from the plant. It is
used as a culinary herb and is commonly sold in Latin grocery stores in a bottled,
paste format (black mint paste). The dried leaves are used as an aromatic seasoning
for soups and vegetables to give an apple-like flavour. A flavourful herbal tea for
medical benefits, such as a remedy for colds, can be made from it. An essential oil
obtained from the distilled plant, harvested when in flower, is used as flavouring in
ice-cream, baked goods, soft drinks and perfumery. Secretions from the roots of
growing plants are an effective insecticide against nematodes and, to some extent,
keeled slugs. These secretions are produced about 3–4 months after sowing. An
essential oil distilled from the leaves and flowering stems, harvested when the plant
is forming seeds, is used as an insect repellent. Essential oils are toxic to Varroa
destructor (a mite killing bees), while no statistically significant toxic effect was found
on bees that were exposed up to six hours to this oil. [4, 43, 59]
Chemicals:
The poisonous principle contains tagetones, ocimene, myrcene and linalool. The oil
has a high percentage of monoterpenes and the major compounds identified are cisocimene (28.5%), beta-ocimene (16.83%) and 3-methyl-2-(2-methyl-2-butenyl)-furan
(11.94%). The steam-distilled essential oil from flowers produces three new acylic
monoterpene ketones identified as 3,7-dimethyloct-1-en-6-one, 3,7-dimethyl-5hydroxyoct-1-en-6-one and 3,7-dimethyloct-1,7-dien-6-one, along with major
compounds beta-ocimene (38.77%), dihydrotagetone (9.07%), tagetone (7%), and
ocimenone (20%). [8, 45]

Taraxacum kok-saghyz: perennial herb
Common name: Russian dandelion
Climatic conditions: temperate, Mediterranean
Uses:
Rubber is produced from the roots (2–3%), yielding 110kg of rubber per hectare.
Inulin produced is a starch that could be used in non-food applications or be turned
into bio-ethanol through fermentation. A pleasant tea is made from the flowers and
leaves. The root is dried and roasted to make a coffee substitute. [45, 58]
Chemicals:
Rubber contains a high molecular mass poly cis-1,4-isoprene and inulin. [45]
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Taraxacum officinale: perennial herb
Common name: common dandelion
Climatic conditions: temperate
Uses:
Leaves are very nutritious, with 100g of the raw leaves containing protein (2.7g),
carbohydrate (9.2g), calcium (187mg), phosphorus (66mg), iron (3.1mg), sodium
(76mg), potassium (397mg), magnesium (36mg), vitamin A (14000iu), vitamin B1
(0.19mg), vitamin B2 (0.26mg), and vitamin C (35mg). Roots are bitter, with a turniplike flavour and harvested from 2-year-old plants in the autumn, dried and roasted to
make a very good coffee substitute (caffeine-free). A pleasant tea is made from the
flowers. They are also used to make wine but note that all green parts should be
removed when making wine to prevent a bitter flavour. A magenta-brown dye is
obtained from the root. The plant releases ethylene gas, which stunts the growth of
nearby plants and causes premature ripening of fruits. Distilled water made from the
ligules (thin appendages at the base of the leaf blades) is used cosmetically to clear
the skin and is particularly effective in fading freckles. However, it can be a potential
weed. [45, 59]
Chemicals:
The plant contains fenoloid components (apigenin-7-O-glucosid, luteolin-7-Oglucosid and chlorogenic acid). [8]

Tasmannia lanceolata: shrub
Common name: Mountain pepper
Climatic conditions: cool temperate rainforests
Uses:
The leaves and berries used as a spice are typically dried. Mountain pepper was
used as a colonial pepper substitute. More recently, it has become popularised as
bushfood condiment. It can be added to curries, cheeses and alcoholic beverages. It
is exported to Japan to flavour wasabi. The berries are sweet at first with a peppery
aftertaste. Dried berries and leaves have strong antimicrobial activity against food
spoilage organisms. The plant also has high antioxidant activity. Low safrole clonal
selections are grown in plantations for commercial use because safrole is considered
a low-risk toxin. [31, 59, 60]
Chemicals:
The plant is high in terpenes and phenolic compounds but also has high levels of a
variety of other antioxidants, including anthocyanins and anthocyanins glycosides.
The hot-tasting compound is polygodial — a sesquiterpene dialdehyde. Polygodial
reduces growth in cultures of Staphylococcus aureus and Candida albicans even at
low concentrations and is enhanced by the synergistic effect of the addition of other
antimicrobial agents, such as actinomycin B and D, and the natural compound
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anethole. Phenolic composition in the berry and leaves are cyanidin 3-rutinoside and
cyanidin 3-glucoside, chlorogenic acid, rutin and quercetin. Leaves contain
chlorogenic acid as the major compound, making up about 3% of dried weight. [29]

Tragopogon porrifolius: biennial wildflower
Common name: Purple salsify, Common salsify, Oyster plant, Vegetable oyster,
Jerusalem star
Climatic conditions: Mediterranean
Uses:
The plant is cultivated for its ornamental flower, edible root and herbal properties.
The root tastes of oysters, from which the plant derives its alternative name. Young
roots are grated for use in salads, but older roots are better cooked and they are
usually used in soups or stews. It is recommended that when using the root that, if
cut, its colour be preserved in acidulated water. Latex derived from the root can be
used as a chewing gum. The flowering shoots can be used like asparagus, either raw
or cooked, and the flowers can be added to salad, while the sprouted seeds can be
used in salads or sandwiches. [8, 59]
Chemicals:
The plant contains a naturally occurring dimeric dihydroisocoumarin named
tragoponol. It also contains bibenzyl derivatives, caffeic acid derivatives, a simple
coumarin glycoside and various C-glycosyl flavonoids. [61]

Voacanga africana: small tree
Common name:
Climatic conditions: tropical
Uses:
The bark and seeds of the tree are used in Ghana as a poison, stimulant, aphrodisiac
and ceremonial psychedelic. In Nigeria and Senegal, the milky latex of the plant is
applied to wounds. Tea made from the leaf is said to be a strengthening potion that
relieves fatigue and shortness of breath. Ibogaine is a natural alkaloid in V. africana
used for treating withdrawal symptoms and craving in drug addicts. Root bark is
ingested to combat fatigue and increase endurance. The seeds contain edible oil
(33–57%). [59, 52]
Chemicals:
The plant contains a complex mixture of iboga alkaloids such as voacangine,
voacamine, vobtusine, amataine, akuammidine, tabersonine, coronaridine and
vobtusine. Seeds are used in Europe because of their high tabersonine content (3%)
and it is used as a precursor for vincamine, which is used to treat neural deficiencies
in elderly people. The predominant alkaloids in the root bark are voacangine,
vobtusine and voacamine. [24]
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Willughbeia coriacea: large climbing shrub
Common name: Borneo rubber
Climatic conditions: wet tropical
Uses:
Latex obtained from the plant is of inferior quality. The plant was at one time
cultivated for this latex, which was used to produce rubber, but with the growing
popularity of the Brazilian rubber tree (Hevea brasiliensis) and the advent of synthetic
rubber, the use of this plant dwindled away. The plant also has medicinal uses and a
locally consumed edible fruit. The latex provides birdlime. [54, 52]
Chemicals:
The latex consists of polymers of the organic compound isoprene and saponins. [24]

Xanthorrhoea australis: slow growing perennial tree
Common name: Grass tree
Climatic conditions: Mediterranean
Uses:
Resin from Xanthorrhoea plants is used in spear making and is an invaluable
adhesive for Aboriginal people, often used to patch leaky containers/canoes. A resin
collects around the base of old leaves and can be collected by beating the stems. It
can be used as a varnish for wood or metal and as incense. It can also be used as a
sealing wax, mahogany stain for wood and medicinally. The gum is soft and pliable
when heated over a flame but it cools to a rock-hard consistency. [32, 54]
Chemicals:
The inflorescence of X. australis contains no flavonoids, but does contain p-coumaric
acid, chryso- phanic acid and aloeemodin. [45]

Yucca elata: perennial plant
Common name: Soaptree, Soapweed, Palmella
Climatic conditions: dry, semi-desert conditions; very cold hardy
Uses:
Inside the trunk and roots of the plant is a soapy substance high in saponins. In the
past, this substance was commonly used as soap and shampoo, which was used to
treat dandruff and hair loss. Native Americans used leaves to make sandals, belts,
cloth, baskets, cords, mats, dental floss and rope. Fruit are consumed raw or cooked.
Flowers consumed raw or cooked, can be dried, crushed and used as flavouring and
in preserves. The flowering stem is cooked and used like asparagus. The stems
slow-baked for several hours, are dried and broken into pieces to store. It would be
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soaked in water to soften before being eaten. It is also used as a foaming agent in
beer. [54, 59]
Chemicals:
The trunk and roots contain saponins. [45]
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Appendix B Matrices
Scoring was done via a multi-critera assessment; with criteria adapted from Coriolus (2015). A group of DAFWA staff contributed to
the scoring and selection of criteria (H.Brockman, R.Brennan, R.Watkins, A.Lillicrap & M.Lang). Table B1 is the final score derived
from Table B2 and B3.
Table B1 Scoring matrix for identified plant species
Rating

A.spinosa

Market size

B.megastima C.abyssinica C.amada I. tinctoria M. Americana M.oleifera P.argentatu P.erosus P.tuberosa S.albidium T.kok-saghyz T. minuta

1

1

3

1

2

3

3

3

3

1

2

2

1

Value

2

3

3

2

1

2

3

3

3

3

2

2

1

CAGR

1

3

2

1

1

2

3

2

3

3

3

2

1

Multiple products

2

0

3

3

3

3

3

3

3

0

3

3

3

Distance to market

1

1

2

2

1

1

2

3

2

2

1

3

1

Agri-business

2

1

0

1

1

1

1

1

0

1

1

0

1

Value adding

2

1

0

1

1

1

1

1

1

1

0

0

1

non-food

3

0

0

1

0

0

1

0

1

0

0

0

0

CO2

2

2

2

1

2

3

3

2

2

2

2

1

2

Inputs: Water

3

3

3

1

1

2

2

3

2

2

2

3

3

Fertilizer

2

2

2

1

1

2

3

3

2

2

2

2

3

Chemicals

3

3

1

1

1

3

3

3

2

2

2

2

3

Strategic importance

0

0

0

0

0

0

10

10

0

0

0

10

0

TOTAL

24

20

21

16

15

23

38

37

19

19

20

30

20

Table B2 Market matrix
Type
Ess oil
bio-lub
bio-solvent
plant protein II
bio-plastic
gums
tannins
oils
dye
terpenes
natural rubber III
latex
I
insecticide
crop protection
cosmetics
surfactants
resin
IV
human food
animal food
Pharmaceuticals

Value (US$) Market size(annual)
CAGR % A.spinosa B.megastima C.abyssinica C.amada I. tinctoria M. Americana M.oleifera P.argentatum P.erosus P.tuberosa S.albidium T.kok-saghyz T. minuta
11.67 bill
28,000 t
10
×
×
×
2.922 mill
585,200 t
6.27
×
×
6.5bill
5,2mill t
5.2
24.5 bill
2 mill t
7.3
1,3 bill
476 mill t
19
×
1,65/kg
142,000t
1 - 2/kg
500,000t
×
3 - 3.50/l
5mill t + 50,000t replace fat
×
×
×
28/kg
3.6
×
×
×
×
650mill
330,000t
×
×
4,820 mill
11.4 mill t
4.3
×
×
30 bill
7mill t
2.3
×
8,016 mill
8.8
31.5 bill
27.8
×
×
×
×
×
265 bill
10
×
×
×
42,120mill
24 mill t
5.5
×
9,317 mill
5.6
×
×
×
×
×
×
×
×
×
×
×

References:
Beswick, RHD & Dunn, DJ 2002, Natural and synthetic latex polymers, Rapra Technology Ltd, North America.
Grand review research 2015, ‘Protein ingredients market analysis by product expected to reach $33.91 billion’, globalnewswire.com/newsrelease/2015/07/01.
marketsandmarkets.com/Market-Reports/natural-rubber-market-6581337, Natural Rubber Market by Type (RSS Grade, Latex Concentrate &
Solid Block), by Application (Automobiles, Gloves, Foot Wear and Belting & Hose), & by Region - Global Trends & Forecasts to 2019
Parsippany, NJ 2013, Synthetic Latex Polymers, A $30 Billion Plus Market That Is Building
Globally, rubberworld.com/RWmarket_report.asp?id=1048.
Resin market research reports and resins industry analysis 2015, Market Research, Rockville, marketresearch.com.
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Table B3 Weighted rating
SCALE FOR RATING

Rating

Weight

Score

37.50%

1. Markets
Size

L

3

M

2

S
Value

($)

CAGR (% )

Multiple products
Distance to market/processing

1

H

1 Bill+

3

M

0.5 - 0.9 Bill

2

L

<0.5 Bill

1

H

0-4

3

M

5-9

2

L

10+

1

Y

3

N

0

H

> 800km

3

M

500 - 800km

2

L

<500km

Maximum Total

1
15
7.50%

2. Social
Agri-business development
Local processing/value adding
Food vs non-food

Y

1

N

0

Y

1

N

0

Y

1

N

0

Maximum total

3
30%

3. Environmental
CO2 sequestered/avoided

Inputs: water

Fertiliser

Chemicals

H

3

M

2

L

1

H

>8 ML/ha

1

M

<8 ML/ha

2

L

Dryland

3

H

>100kg/ha

1

M

60 - 100kg/ha

2

L

<60kg/ha

3

H

1

M

2

L

3

Maximum Total

12
25%

4. Strategic importance
Y

10

N

0
100
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Shortened forms
Shortened form Full name
H+/K+-ATPase

Hydrogen-potassium adenosine triphosphatase

AQIS

Australian Quarantine Services

C

carbon

CAGR

compound annual growth rate

DAFWA

Department of Agriculture and Food, Western Australia

kcal/kg

kilocalories/kilogram

L

litre

mL

millilitre

mg/kg

milligrams per kilogram

MT

metric tonne

nm

nanometre

µg/g

microgram per gram

PLA

polylactic acid

US

United States

w/w

weight-by-weight
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Glossary
Adipogenesis: process of cell differentiation
Acidulated water: water where some sort of acid is added
Aliphatic: straight chain of carbon atoms of a propane molecule
Alkaloids: group of naturally occurring chemical compounds that contain mostly basic
nitrogen atoms
Allelopathy: suppression of growth of one plant species by another due to the release
of toxic substances
Anthelmintic: drug that expels intestinal worms
Apocarotenoids: molecules resulting from the oxidative cleavage of double bonds in
the carotenoid molecule
Alteratives: herbs that gradually restore the proper function of the body and increase
health and vitality
Autoxidation: spontaneous oxidation of a compound in air
Carotenoids: organic pigments that are found in the chloroplasts and chromoplasts of
plants and some other photosynthetic organisms, including some bacteria and
some fungi
Diterpene: type of terpene; organic compound composed of four isoprene units with
the molecular formula C 2 0H 32
Excipients: a material added to an active ingredient to act as a stabiliser, bulking
agent, improve handling and packaging
Flavonoids: group of plant metabolites thought to provide health benefits through cell
signalling pathways and antioxidant effects
Free radicals: produced during immune activity and triggered by several
environmental factors such as pollution, smoke and sunlight. Antioxidants in
blood cells and tissue fluids play an important role in neutralising the normal
level of oxidative damage caused by these free radicals
Free radical scavenger: any compound that reacts with free radicals in a biological
system, reducing free radical-induced damage
Glycoside: molecule in which a sugar is bound to another functional group via a
glycosidic bond; play numerous important roles in living organisms
H+/K+ ATPase: proton pump of the stomach. It exchanges potassium from the
intestinal lumen with cytoplasmic hydronium; the enzyme primarily responsible
for the acidification of the stomach contents and the activation of the digestive
enzyme pepsin
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Helicobacter pylori: spiral-shaped bacterium that infects well over 30% of the world’s
population, causing stomach ulcers; also associated with gastric cancer and
lymphoma
Hydrocarbons: simplest organic compounds, containing only carbon and hydrogen.
They can be straight chain, branched chain or cyclic molecules. Carbon tends
to form four bonds in a tetrahedral geometry
Hydrolysis: reaction involving the breaking of a bond in a molecule using water. The
reaction mainly occurs between an ion and water molecules and often changes
the pH of a solution
Iodine value: mass of iodine in grams that is consumed by 100 grams of a chemical
substance. Iodine numbers are often used to determine the amount of
unsaturation in fatty acids
Isoflavonoids: class of flavonoid phenolic compounds, many of which are biologically
active
Peroxide value: determined by measuring the amount of iodine formed by the
reaction of peroxides (formed in fat or oil) with iodide ion and used for
identifying the onset of oxidative change in fats and oils
Phytochemicals: chemical compounds that occur naturally in plants. Some are
responsible for colour and other organoleptic properties, such as the deep
purple of blueberries and the smell of garlic
Polyphenols: abundant micronutrients in our diet; evidence is emerging for their role
in the prevention of degenerative diseases such as cancer and cardiovascular
diseases
Proanthocyanidins: class of polyphenols found in a variety of plants. Chemically, they
are oligomeric flavonoids
Reflective index: objective method for evaluation of rancidity in edible oils and fats
Rubefacient: substance for topical application that produces redness of the skin, for
example by causing dilation of the capillaries and an increase in blood
circulation
Saponification value: traditional numeric values used to calculate the precise amount
of sodium hydroxide required to fully saponify (process that produces soap) a
given weight of oil
Saponins: glycosides with a distinctive foaming characteristic
Sesquiterpenes: class of terpenes that consist of three isoprene units and have the
empirical formula C 15 H 24 . Like monoterpenes, sesquiterpenes may be acyclic
or contain rings, including many unique combinations
Sesquiterpenoids: C 15 terpenoids are a group of terpenoids consisting of three
isoprene units
Superoxide: compound containing a univalent anionic oxygen molecule
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Tannins: astringent, bitter plant polyphenolic compound that binds to and precipitates
proteins and various other organic compounds
Terpenes: class of hydrocarbons occurring widely in plants and animals and
empirically regarded as built up from isoprene, a hydrocarbon consisting of five
carbon atoms attached to eight hydrogen atoms (C 5 H 8 ), produced by a variety
of plants and particularly conifers
Terpenoids (sometimes called isoprenoids): large and diverse class of naturally
occurring organic chemicals similar to terpenes, derived from 5-carbon isoprene
units assembled and modified in thousands of ways
Tragacanth: natural gum obtained from the dried sap of several species of Middle
Eastern legumes of the genus Astragalus
Volatile fatty acids: microbes in the rumen ferment carbohydrates into volatile fatty
acids that are absorbed through the rumen wall into the blood

99

Renewable chemicals and bioproducts

References
Algathami, S 2014, ‘Halal food and beverage market set to jump to $1.6tr by 2018’,
Gulf News, 10 August.
Allied Market Research 2014, ‘Global herbicides market is expected to grow to $31.5
billion by 2020 – Allied Market Research’, PR Newswire, 21 October.
Al-Snafi, AE 2008, ‘The pharmacological importance of Bauhinia variegate: A review’,
Food chemistry, vol. 109, pp. 54–63.
An, M, Pratley, JE & Haig, T 1998, ‘Allelopathy: from concept to reality’, paper
presented at the 9th Australian Agronomy Conference, 20–23 July, Wagga Wagga.
Atabani, AE, Badruddin, AI, Masjuki, HH, Chong, WT, & Lee, KT 2015, ‘Pangium
edule reinw: A promising non-edible oil feedstock for bio-fuel production’, Arabian
Journal for Science and Engineering, vol. 40, pp. 583–94.
AusAid 2005, Trade information brief: Essential oils, Australian Government,
Pretoria.
Australian Oilseeds Federation 2015, Australian oilseed industry review 2015,
Australian Oilseeds Federation, Royal Exchange.
Balandrin, MF, Klocke, JA, Wurtele, ES & Bollinger, WH 1985, ‘Natural Plant
Chemicals: Sources of Industrial and Medicinal Materials’, Science, vol. 228, pp.
1154–60.
Behnke, JM, Buttle, JD, Stepek, G, Ann Lowe, A & Duce, IA 2008, ‘Developing novel
anthelmintics from plant cysteine proteinases’, Parasites & Vectors, vol. 1, pp. 29.
Bottomley, W & White, DE 1950, The chemistry of Western Australian plants,
CSIRO, Canberra.
Burdock, GA 1997, Encyclopaedia of food and colour additives, CRC Press, London.
Burns, RM & Honkala, BH 1990, ‘Silvics of North America’, Agriculture handbook
654, vol. 2, United States Department of Agriculture Forestry Service, Washington
DC.
Caiger, S 2014, Essential oils and oleoresins, Market Insider, Geneva.
CHEManager International 2012, Natural Resource Base in the Chemical Industry,
Growing Markets for Biobased Polymers, Lubricants and Surfactants, viewed 20 July
2012, chemanager-online.com.
—— 2014, Organic and natural ingredients: A new era in home care and personal
care, M&A affects market dynamics, viewed 25 May 2015, chemanager-online.com.
Cole, RA 1976, ‘Isothiocyanates, nitriles and thiocyanates as products of autolysis of
glucosinolates in Cruciferae’, Phytochemistry vol. 15, pp. 759–762.
Coppen, JJW 1995, ‘Flavours and fragrances of plant origin’, Non-wood forest
products 1, Food and Agriculture Organization of the United Nations, Rome.
100

Renewable chemicals and bioproducts
Coriolis, 2015. Market opportunities for irrigated agricultural produce for northern
Western Australia. Final discussion document. Unpublished. DAFWA, November.
Cramer, L 1968, Dictionary of Economic Plants, 2nd edn, Germany.
Evans, J 2009, ‘Chemical industry goes looking for biochemical’, Biofuels,
bioproducts and biorefining, vol. 3, issue 6, pp. 581–83.
Foster, K 2006, Sulla (Hedysarum coronarium), Department of Agriculture and Food,
Western Australia, Perth.
Future market insights 2015, Demand for natural food colours to rise at CAGR of
5.1% due to stringent regulations and need for clean label
products. globenewswire.com/newsrelease/2015/01/30/701574/10117866/en/Demand-for-Natural-Food-Colours-to-Riseat-CAGR-of-5-1-Due-to-Stringent-Regulations-and-Need-for-Clean-Label-ProductsFuture-Market-Insights.html
Govindasamy, R, Arumugam, S & Simon, JE 2013, ‘An assessment of the essential
oil and aromatic plant industry with a focus on Africa’, African Natural Plant Products
Volume II: Discoveries and Challenges in Chemistry, Health, and Nutrition, American
Chemical Society, New Jersey.
Hawkins, N 2015, The business case for green and sustainable
chemistry, cdn2.hubspot.net/hub/282814/file-290029262-pdf/ecochem-the-businesscase-for-green-chemistry.pdf
Hegarty, MP, Hegarty, EE & Wills, RBH 2001, Food Safety of Australian Plant
Bushfoods, Rural Industries Research and Development Corporation, Canberra.
Herbs2000 2016, Volatile oils, viewed 18 April
2015, herbs2000.com/h_menu/volatile_oils.htm.
Hill, DK 2014, The chemistry and therapeutic value of Betula lenta (sweet birch)
essential oil, Aromatic Science, New York.
Hopper, SD & Lambers, H 2014, ‘Human relationship with and use of Kwongkan
plants and lands’, in H. Lambers (ed.), Plant life on the Sandplains in Southwest
Australia, a Global Biodiversity Hotspot, University of Western Australia, Perth, pp.
285–305.
IUCN 2014, A guide to medicinal plants in North Africa, Centre for Mediterranean
Cooperation, Málaga, Spain.
Konczak, I, Zabaras, D, Dunstan, M & Aguas, P 2007, Antioxidant capacity and
phenolic compounds in commercially grown native Australian herbs and spices,
CSIRO Food and Nutritional Sciences, North Ryde, New South Wales.
Lazarides, M & Hince, B 1993, Handbook of Economic Plants of Australia, CSIRO,
East Melbourne, Victoria.
Maconochie, JR 1985, Plants of the Australian arid zone – an undeveloped potential,
Royal Botanic Gardens, Kew.
101

Renewable chemicals and bioproducts
Mal, B & Joshi, V ‘Under-utilised plant resources’ in RS Paroda & RK Arora (ed.),
Plant genetic resources conservation and management concepts and approaches, ebook, International Board for Plant Genetic Resources Regional Office for South and
Southeast Asia, New Delhi, viewed 25 May 2016, Chapter
8, bioversityinternational.org/fileadmin/bioversity/publications/Web_version/174/begin
.htm#Contents.
Markets and markets 2013, Dyes and pigments market – dyes (reactive, disperse,
acid, direct, basic, VAT), organic pigments (azo, pthalocyanines, high performance)
and inorganic pigments (TiO2, iron oxide, carbon black and others) – global trends
and forecast to 2018, Markets and Markets, Maharashtra.
—— 2014, Bio-polyamide, specialty polyamide and precursors market by type (PA 6,
PA 66, PA 10, PA 11, PA 12 & Others), by precursor (CPL, ADA & HDMA), by
material (fibre and plastics) and application (textile, automotive, E&E and others) –
Global trends and forecasts to 2019, Markets and Markets, Maharashtra.
Mastebroek, HD & Marvin, HJP 2000, ‘Breeding prospects of Lunaria annua’,
Industrial crops and products, vol. 11, pp. 139–43.
McMahon, L, George, B & Hean, R 2010, Eucalyptus polybractea: A tree smart
factsheet, Department of Primary Industries New South Wales, Sydney.
Metzger, JO 2009, ‘Fats and oils as renewable feedstock for chemistry’, European
journal of lipid science and technology, vol. 111, pp. 865–76.
Metzger, JO & Bornscheuer, U 2006, ‘Lipids as renewable resources: Current state
of chemical and biotechnological conversion and diversification’, Applied
Microbiology and Biotechnology, vol. 71, pp. 13–22.
Muckensturma, B, Boulangera, A, Ouahabia, S & Reduronb, J 2005, ‘A new irregular
diterpenoid from Opopanax chironium’, Science direct, vol. 76, pp. 768–70.
National Research Council 2008, ‘Lost crops of Africa’, Volume III: Fruits, The
National Academies Press, Washington DC.
Navie, S & Csurhes, S 2010, Diesel tree Copaifera langsdorffii – Weed risk
assessment, Biosecurity Queensland Department of Employment, Economic
Development and Innovation, Brisbane.
Office of Technology Assessment 1983, Plants: The potentials for extracting protein,
medicines, and other useful chemicals, Office of Technology Assessment,
Washington DC.
Ogunniyi, DS 2006, ‘Castor oil: a vital industrial raw material’, Bioresource
technology, vol. 97, pp. 1086–91.
Palanisamy, U, Cheng, HM, Subramaniam, TMT, Ling, LT, Ammu, K &
Radhakrishnan, AK 2008, ‘Rind of the rambutan, Nephelium lappaceum, a potential
source of natural antioxidants’, Food Chemistry, vol. 109, pp. 54–63.
Pitts, K 2010, ‘Potential uses of Moringa oil’, Project 10-005, Department of
Agriculture and Food, Western Australia, Perth.
102

Renewable chemicals and bioproducts
Scott-Thomas, C 2015, Changing diets: Plant protein sustainability crucial for food
security, foodnavigator.com/Market-Trends/Changing-diets-Plant-proteinsustainability-crucial-for-food-security.
Seigler, DS 2002, ‘Economic potential from Western Australian Acacia species:
secondary plant products’, Conservation Science Western Australia, vol. 4, p. 3.
Sims, B 2012, ‘BASF leads investment round in specialty chemical firm Allylix’,
Biomass magazine, viewed 14 March 2015, biomassmagazine.com/articles/7663.
Soltys, D, Krasuska, U, Bogatek, R & Gniazdowska, A 2013, ‘Allelochemicals as
bioherbicides – present and perspectives’, in AJ Price & JA Kelton (ed.), Herbicides:
Current research and case studies in use, pp. 517–42, DOI: 10.5772/56185.
Soni, PL, Sharma, HW, Bisen, SS, Srivastava, HC & Gharia, MM 2006, ‘Unique
physico-chemical properties of Sal (Shorea robusta) starch’, Starch, vol. 39, pp. 411–
13, DOI: 10.1002/star.19870391202.
Tergesen, JF 2010, ‘Sustainability points to plant proteins’, Institute of food
technology, vol. 64, pp. 3.
Thomas, D 2014, ‘Go west, go out, go green: China's five-year plan’, paper
presented at the BeefEx conference, 14 October, Gold Coast.
Thryft, AR 2013, ‘Corn, wheat and rice trash make concrete stronger’, DesignNews,
viewed February 2015, designnews.com/author.asp?doc_id=261936.
—— 2013, ‘Biofase makes Bioplastic From Avocado Pits’, DesignNews, viewed
February 2015, designnews.com/author.asp?doc_id=257242
—— 2014, ‘Ford & Heinz Test Tomato-Based Plastic’, DesignNews viewed February
2015, designnews.com/author.asp?doc_id=273668
Thurber, MD & Fahey, JW 2009, ‘Adoption of Moringa oleifera to combat undernutrition viewed through the lens of the “Diffusion of innovations” theory’, Ecology of
food and nutrition, vol. 48, pp. 212–25.
Tibe, O, Meagher, LP, Fraser, K & Harding, DR 2011, ‘Condensed tannins and
flavonoids from the forage legume sulla (Hedysarum coronarium)’, Journal of
agricultural and food chemistry, vol. 59, pp. 9402–9.
Triumph Venture Capital 2004, Study into the establishment of an aroma and fine
chemical fragrance value chain in South Africa, Fridge, Cape Town.
Uçar, G, Balaban, M & Usta, M 2003, ‘Volatile needle and wood extracts of oriental
spruce Picea orientalis (L.)’, Flavour and fragrance journal, vol. 18, pp. 368–75.
Ulber, R, Sell, D & Hirth, T 2011, Renewable raw materials: New feedstocks for the
chemical industry, Wiley-VCH Verlag, Weinheim.
Wekesa, C, Luvanda, AM, Muga, MO, Chikamai, BN & Makenzi, PM 2013. Journal of
Environmental Research, vol. 1, no. 2, pp. 93–106, Nairobi, Kenya Forestry
Research Institute.

103

Renewable chemicals and bioproducts
Wickens, GE 1995, ‘Edible nuts’, Non-wood forest products 5, Food and Agriculture
Organization of The United Nations, Rome.
Yeomans, S 2012, ‘Global beauty market to reach 265 billion in 2017 due to an
increase in GDP’, Cosmetics, viewed 15 May 2015, cosmeticsdesign.com/MarketTrends/Global-beauty-market-to-reach-265-billion-in-2017-due-to-an-increase-inGDP.
Zhao, J & Agboola, S 2007, Functional properties of Australian bushfood, Rural
Industries Research and Development Corporation, Canberra.

104

Renewable chemicals and bioproducts

References for plant species
1.

African Medicinal Plants – Scribd, scribd.com/doc/290196315/AfricanMedicinal-Plants

2.

Al-Snafi AE, 2013, ‘The Pharmacological Importance of Bauhinia variegata. A
review’, International Journal of Pharmacology Sciences and Research, vol. 4,
no. 12.

3.

Bagby, MO, Smith Jr., CR, Miwa, TK, Lohmar, RL & Wolff, IA 1961, A Unique
Fatty Acid from Limnanthes douglasii Seed Oil: The C22 Diene, Journal of
Organic Chemistry, vol. 26, no. 4, pp. 1261–5.

4.

Balandrin, MF, Klocke, JA, Wurtele, ES & Bollinger, WH 1985, ‘Natural plant
chemicals: Sources of industrial and medicinal materials’, Science, vol. 228, pp.
1154–60.

5.

Bohm, AB 2009, The Geography of phytochemical races. Springer Science &
Business Media B.V.

6.

Bottomley, W & White, DE 1950, The chemistry of Western Australian plants,
CSIRO, Canberra.

7.

Burns, RM & Honkala, BH 1990, ‘Silvics of North America’, Agriculture
handbook 654, vol. 2, United States Department of Agriculture Forestry Service,
Washington DC.

8.

Centre for New Crops & Plant Products 2013, NewCROPTM, Purdue University,
West Lafayette, viewed 25 May 2015, hort.purdue.edu/newcrop

9.

Chiambault, P 2014, ‘The modern art of the identification of natural substances
in whole plants. Recent advances in redox active plant and microbial products’,
Springer Business + Science Media, Dordrecht.

10. Coppen, JJW 1995, ‘Flavours and fragrances of plant origin’, Non-wood forest
products 1, Food and Agriculture Organization of the United Nations, Rome.
11. Cornish, K & Blakeslee, J 2014, Engineering Plants to Produce Farnesene and
Other Terpenoids, Patent Filed February 2014.
12. Dubey, VS, Mallavarapu, GR & Luthra, R 2000, ‘Changes in the essential oil
content and its composition during palmarosa (Cymbopogon martinii (Roxb.)
Wats. var.motia) inflorescence development’, Flavour and Fragrance Journal,
vol. 15, no. 5, pp. 309–14.
13. Duke, JA 1929, Duke’s Handbook of medicinal plants of Latin America, CRC
Press New York.
14. Ferrari, B Tomi, F & Casanova, J 2005, ‘Composition and chemical variability of
Ferula communis essential oil from Corsica’, Flavour and Fragrance Journal, vol.
20, issue 2.

105

Renewable chemicals and bioproducts
15. Grace, OM, Prendergast, HDV & van Staden, J 2003, Bark medicines used in
traditional healthcare in KwaZulu-Natal, South Africa: An inventory.
16. South African Journal of Botany, vol. 69, no. 3, pp. 301–63.
17. Hakeem, KR, Liam, J & Faridah-Hanum, I 2013, ‘Phytochemical Compounds of
Pangium edule Reinw. Seeds’, International Forestry Graduate Students’
Conference (FOGRAD), July, University Putra Malaysia.
18. Hamel, C, Kyriakopoulos, A, Behne, D & Brätter, P 1996, ‘Protein-Bound
Selenium in the Seeds of Coco de Mono (Lecythis ollaria)’, Journal of Trace
Elements in Medicine and Biology, vol. 10, no. 2, pp. 96–102.
19. Han, AR, Kim, JA, Lantvit, DD, Kardono, LB, Riswan, S, Chai, H, Carcache de
Blanco, EJ, Farnsworth, NR, Swanson, SM & Kinghorn, AD 2009, ‘Cytotoxic
xanthone constituents of the stem bark of Garcinia mangostana (mangosteen)’,
Journal of Natural Products, vol. 72, no. 11, pp. 2028–31.
20. Harborne JB, Baxter H & Moss GP 1999, Phytochemical dictionary. A
Handbook of bio-active compounds from plants, 2nd edn, Taylor & Frances,
London.
21. Hashim, OK, Abou-Zaid, MM, Abdel-Galil FM & Saleh, NAM, 1990, ‘The
flavonoids of Egyptian Chrozophora species’, Biochemical systematics and
ecology, vol. 20, issues 1–4, Pergamon Press Great Britain.
22. Hostettmann, K, Gupta, MP & Marston, A 1997, Chemistry, Biological and
Pharmacological Properties of Medicinal Plants of the Americas, Harwood
Academic Publishers, The Netherlands.
23. Hostettmann, K & Marston, A 1944, Chemistry and pharmacology of natural
products: Saponins, Cambridge University Press, Cambridge.
24. http://www.flora.sa.gov.au/efsa/lucid/Solanaceae/Solanaceae%20species/key/A
ustralian%20Solanaceae%20species/Media/Html/Duboisia_leichhardtii.htm
25. tropical.theferns.info/ Useful tropical plants, viewed March 2015.
26. Hughes, K 2007, The Incense Bible. Plant scents that transcend world culture,
medicine and spirituality, Haworth Press. London.
27. Inouye, H, Inoue, K, Nishioka,T & Kaniwa, M 1975, ‘Two new iridoid glucosides
from Osmanthus fragrans’, Phytochemistry, vol. 14, issue 9.
28. IUCN 2014, A guide to medicinal plants in North Africa, Centre for
Mediterranean Cooperation, Málaga, Spain.
29. Jaspers, MW, Bashir, AK, Zwaving, JH & Malingré, TM 1986, ‘Investigation of
Grewia bicolor Juss’, Journal of Ethnopharmacology, vol. 17, no. 3, pp. 205–11.
30. Just, J, Jordan, TB, Paull, B, Bissember, AC & Smith, JA 2015, ‘Practical
isolation of polygodial from Tasmannia lanceolata: a viable scaffold for
synthesis’, Journal of Organic Biomolecular Chemistry, vol. 13, no. 46.

106

Renewable chemicals and bioproducts
31. Kennedy, GS 1971, Hyoscyamine in Duboisia hopwoodii. Phytochemistry, The
International Journal of Plant Chemistry, Plant Biochemistry and Molecular
Biology, vol. 10, issue 6, pp. 1335–7.
32. Konczak, I, Zabaras, D, Dunstan, M & Aguas, P 2007, Antioxidant capacity and
phenolic compounds in commercially grown native Australian herbs and spices,
CSIRO Food and Nutritional Sciences, North Ryde.
33. Lazarides, M & Hince, B 1993, Handbook of economic plants of Australia,
CSIRO, Melbourne, Victoria.
34. Lingbeck, JM O’Bryan, CA Martin, EM Adams, JP and Crandall, PG 2015,
‘Sweetgum: An ancient source of beneficial compounds with modern benefits’,
Pharmacognosy Review, vol. 9, no. 17, pp. 1–11.
35. Maconochie, JR 1985, Plants of the Australian arid zone – an undeveloped
potential, Royal Botanic Gardens, Kew.
36. Maggi, F 2009, Analysis of the volatile components of Onosma
echioides, researchgate.net/publication/235746460_Analysis_of_the_Volatile_C
omponents_of_Onosma_echioides_L_L_var_columnae_Lacaita_Growing_in_C
entral_Italy
37. Mal, B & Joshi, V ‘Under-utilised plant resources’ in RS Paroda & RK Arora
(ed.), Plant genetic resources conservation and management concepts and
approaches, e-book, International Board for Plant Genetic Resources Regional
Office for South and Southeast Asia, New Delhi, viewed 25 May 2016, Chapter
8, bioversityinternational.org/fileadmin/bioversity/publications/Web_version/174/
ch12.htm
38. Metzger, JO & Bornscheuer, U 2006, ‘Lipids as renewable resources: Current
state of chemical and biotechnological conversion and diversification’, Applied
Microbiology and Biotechnology, vol. 71, pp. 13–22.
39. Mimaki, Y, Yokosuka, A, Sakuma, C, Sakagami, H & Sashida, Y 2002,
‘Spirostanol pentaglycosides from the underground parts of Polianthes
tuberosa’, Journal of Natural Products, vol. 65, no. 10, pp. 1424–8.
40. Miski, M, Ulubelen, A, Mabry, TJ, Watson, WH, Vickovic, I & Holub, M 1984, ‘A
New sesquiterpene ester from ferula tingitana’, Tetrahedron, The International
Journal for the Rapid Publication of Full Original Research Papers and Critical
Reviews in Organic Chemistry, vol. 40, issue 24.
41. Nakatani, M, Takao, H, Miura, I & Hase, T 1985, Azedarachol, a steroid ester
antifeedant from Melia azedarach var. japonica, AGRIS, Food and Agriculture
Organization of the United Nations, agris.fao.org/agris-search
42. National Research Council 2008, ‘Lost crops of Africa’, Volume III: Fruits, The
National Academies Press, Washington DC.

107

Renewable chemicals and bioproducts
43. Novgorodova, NYU, Maekh, SKh & Yunusov, SYu 1973, Nitramine, a new
alkaloid from Nitraria schoberi, AGRIS, Food and Agriculture Organization of
the United Nations, agris.fao.org/agris-search
44. Office of Technology Assessment 1983, Plants: The potentials for extracting
protein, medicines, and other useful chemicals, Workshop proceedings, US
Congress, Office of Technology Assessment, Washington DC.
45. Panza, E, Tersigni, M, Iorizzi, M, Zollo, F, De Marino, S, Festa, C, Napolitano,
M, Castello, G, Ialenti, A & Ianaro, A 2011, ‘Lauroside B, a megastigmane
glycoside from Laurus nobilis (bay laurel) leaves, induces apoptosis in human
melanoma cell lines by inhibiting NF-κB activation’, Journal of Natural Products,
Feb 25, vol. 74, no. 2, pp. 228–33.
46. Plants For A Future 2012, Plants For A Future, Devon, viewed 25 May
2015, pfaf.org/user/Plant.aspx
47. Poornima, B 2009, ‘Comparative phytochemical analysis of Shorea robusta
Gaertn (oleoresin) WSR to its seasonal collection’, Ancient Science of Life, vol.
29, no. 1, pp. 26–28.
48. Sangun, MK, Aydin, E, Timur, M, Karadeniz, H, Caliskan, M & Ozkan, A 2007,
‘Comparison of chemical composition of the essential oil of Laurus nobilis L.
leaves and fruits from different regions of Hatay, Turkey’, Journal of
Environmental Biolology, vol. 28, no. 4, pp. 731–3.
49. Schmelzer, GH & Gurib-Fakim, A 2013, Plant Resources of tropical Africa:
Medicinal plants 2, PROTA Foundation 11 (2), Waginen, The Netherlands.
50. Stuckey, K 2015, Volatile Oils from Eucalypts, ANPSA, anpsa.org.au/index.html
51. Tang, M, Zhang, P, Zhang, L, Li, M & Wu, L 2012, ‘A Potential Bioenergy Tree:
Pistacia chinensis Bunge’, Energy Procedia, vol. 16, Part B, pp. 737–46,
International Conference on Future Energy, Environment, and Materials.
52. The essential oil database, nipgr.res.in
53. Tropicos 2015, Missouri Botanical Garden, Missouri, viewed 25 March – 20
June 2015, tropicos.org
54. Tucker, AO & Maciarello, MJ 1989, ‘Volatile Oils of Illicium floridanum and I.
parviflorum (Illiciaceae) of the Southeastern United States and Their Potential
Economic Utilization’, Journal of Economic Botany, vol. 53, no. 4, pp. 435–8.
55. Uphof, JCT 1968, Dictionary of economic plants, 2nd edn, Lehre, J. Cramer,
Germany; New York: Stechert-Hafner; Codicote, England: Wheldon & Wesley
Germany.
56. Wei-Rui Liu, Wen-Lin Qiao, Zi-Zhen Liu, Xiao-Hong Wang, Rui Jiang, Shu-Yi Li,
Ren-Bing Shi and Gai-Mei She 2013, ‘Gaultheria: Phytochemical and
Pharmacological Characteristics’, Molecules, vol. 18, pp. 12071–108.

108

Renewable chemicals and bioproducts
57. Wiart, C 2012, Medicinal plants of China, Korea and Japan, Bioresources for
tomorrow’s drugs and cosmetics, CRC Press, Boca Raton.
58. Wickens, GE 1995, ‘Edible nuts’, Non-wood forest products 5, Food and
Agriculture Organization of the United Nations, Rome.
59. Wikipedia 2015, Description, ecology, sub-species and uses of different plant
species, multiple pages viewed 8 February – 15 June 2015, wikepedia.org.
60. World Agroforestry, Tree diversity, domestication and delivery, viewed 10 March
– 20 June 2015, worldagroforestry.org/
61. Zhao, J & Agboola, S 2007, Functional properties of Australian bushfood, Rural
Industries Research and Development Corporation, Canberra.
62. Zidorna, C, Petersen, BO, Sareedenchaia, V, Ellmererc, EP & Duus, JO 2010,
ragoponol, a dimeric dihydroisocoumarin from Tragopogon porrifolius L.
Tetrahedron Letters Volume 51, Issue 10, 10 March, 1390–93.

109

